ournal 
The Franklin Institute 


DECEMBER, 1949. 


Published Monthly by 
THE FRANKLIN; INSTITUTE OF THE STATE OF PENNSYLVANIA 
LANCASTER, PA. PHILADELPHIA, PA. 


NOW you can plot 


X vs Y... automatically 


A new Speedomax Recorder now automatically plots the relationship 
between two variables, showing one as a function of the other. Tedious 
compilation and manual plotting by experienced personnel are elimi- 
nated. Instead, variables to be plotted are converted to d-c signals, and 
connected to the recorder. The result is an accurate permanent record 
«+. with a saving of hours over the usual point by point plotting time. 


As compared to the usual recorder, which has only one measuring 
circuit and a constant speed non-reversing chart paper drive and which 
plots a variable as a function of time, this new recorder has two measur- 
ing circuits. Pen travel (X axis) is controlled by our well known 
Speedomax G vacuum tube circuit. The chart paper drive (Y axis) is 
controlled by a similar circuit which makes it reversible. Thus, the new 
recorder makes it possible automatically to draw curves such as the 
hysteresis loop shown, stress vs strain or other similar, two-variable — 
curves. 

Response of the instrument is amply fast. The pen takes only 3 


“seconds for full scale travel of 9-7/8". Full chart travel is 10” and re- 


quires 4 seconds. Standard minimum input voltage for full pen travel 
is 2.5 mv; for full chart travel, 10 mv. 


farther 


| Leeds & N 
* 
LEEDS & NORTHRUP COMPANY, 4002 STENTON AVE., PHILA. PA, 
INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS MEATCTREATING FURNACES 


INDEX TO ADVERTISERS 


PAGE 


Ajax Metal Company (Ajax 
Electric Furnace Corp., Ajax 
Electric Co., Inc., Ajax Elec- 
trothermic Corp., Ajax Engi- 
neering Corp.) 


Aldinger, Edwin H., Mfr. ..... 
Almo Radio Co. 

Alteneder & Sons, Theo. 

Atlas Photo Engraving Co. .... xvi 


Bell Telephone Laboratories 
Third cover page 


tomes <G., (Go, xi 
Bolger-Parker Company 


Budd Company, The 
Fourth cover page 


Buten, M., & Sons 


Goleman, W. Co. 
Damon & Foster 

Dodge, Kern 

Dodge Steel Company 

Donovan Company 

Eggly-Furlow Engineers 

Fehr & Johnson 

Fidelity-Philadelphia Trust Co... viii 


FRANKLIN Institute, Awards of xviii 


PAGE 


FRANKLIN” INSTITUTE, Labora- 


tories 


FRANKLIN INstituTE, Member- 


FRANKLIN INstituTtE, Publica- 


Gieseke, George A. 
Harris-Dechant Associates 
Herbach & Rademan 
Hess & Barker 

Hirt, Oscar H. 


Honold, Ludwig Manufacturing 


Lancaster Press, Inc. ........ 


Leeds & Northrup Co. 
Second cover page 


Moody & Hutchison 

Phileo Corp. 


Radio Electric Service Co. 
Penna., Inc. 


Royal-Jones Photo Engraving 


Corporation 
Sharples Corporation 
Thomson-Porcelite Paint Co. 


Yarnall-Waring Company 


Entered as second-class matter March 14, 1928, at the post office at Lancaster, Pa., under act 
of March 3, 1879. Acceptance for mailing at special rate of postage provided for 
in section 1103, Act of October 3, 1917, authorized on July 3, 1919. 


iy 
te hip xv 
iii 
? 
xiii if 
XV 
xiii 
ix 
of 
XV 
xvi 
3 
xvi 
iste 
. 
x1 


JOURNAL OF THE FRANKLIN INSTITUTE. 


THE FRANKLIN INSTITUTE 
LABORATORIES 


for 


Research and Development 


Technical Research in the Fields of : 


MECHANICAL ENGINEERING 
CIVIL ENGINEERING 
ELECTRONICS AND INSTRUMENTS 
CHEMICAL ENGINEERING AND PHYSICS 


For further details write to The Executive Director 


20th and Benjamin Franklin Parkway 
Philadelphia 3, Pa. 


‘ 
{ 
> 
i Ww 
\ 
: 4 ~ 
Be 
j 4 
4 a 
4 
i 
ii 


JourNAL oF THE FRANKLIN INSTITUTE. 


Service 
Can Make the Difference! 


—, when performed by specialists rep- 
resenting the finest craftsmen in their field, which 
always spells QUALITY... SPEED ...CUS- 
TOMER SATISFACTION. 


Honold’ sheet metal specialists have pridefully 
performed, for years, that exact service for such 
reputable organizations as: 


The Franklin Institute Glenn L. Martin 
Radio Corporation of America Republic Aviation Corporation 
Philco Corporation Chase Aircraft 


Westinghouse Piasecki Helicopter Corp. 
American Car and Foundry a Air si 

Aircra 
Sperry Gyroscope Co., Inc.  ratories 
Pratt Whitney Aircraft Corp. Capital Air Lines 


Your inquiries for service and quotations 
will receive immediate attention 


LUDWIG HONOLD MANUFACTURING CO. 


AIRCRAFT and RADIO SHEET METAL SPECIALTIES 
Chester Pike & Folcroft Ave., Folcroft, Pa. Sharon Hill 4606-07-08 


Member of Pennsylvania Manufacturers’ Association 


| t 
q 
t 
4 
lll 
4 
4 


THE FRANKLIN INSTITUTE 


OFFICERS FOR 1949 


Executive Vice-President and Secretary... HENRY B. ALLEN 
G. H. CLAMER 
W. CHATTIN WETHERILL 
RICHARD W. LLoyp 
Treasurer and Assistant Secretary..... . HAMILTON V. BaIL 
Assistant Secretary........ 
Manager of Operations WituiaM F. Jackson, Jr. 
" SAMUEL J. CLEVENGER, Jr. 


BOARD OF MANAGERS 


Term expsres in 1950 Term expires in 1951 Term expires in 1952 
E, Paut pu Pont Morton GIBBONS: NEFF Epwakp G. Bupp, JR. 
WALTON ForRSTALL HrraM S. LUKENS Francis J, CHESTERMAN 
CLARENCE L. JORDAN GEORGE WHARTON PEPPER RUPEN EKSERGIAN 
RALPH KELLY M. M. Price W. H. FULWEILER 
LioneEL F. Levy CHARLES S. REDDING Horace P. LiversipGe 
CHARLES PENROSE S. WyMAN ROLPH WiLuiaM J. MEINEL 
James H. ROBINS JOHN RUSSELL, JR. MARSHALL S. MORGAN 
Puitip H. Warp, Jr. CLARENCE TOLAN, Jr. Epwarp WARWICK 


The following are, ex-officio, members of the Board of Managers: 
President Chairman of the Commitiee 
Executive Vice-President on Science and the Arts 
Vice Presidents 
Chairman of the Library 


Secretary 
Treasurer Committee 


COMMITTEES OF THE BOARD OF MANAGERS 


Mrs. Isaac A. PENNYPACKER, CéAm. 


Mrs. Jonn WuitE Geary, Hon. Chm. 
Vermilye Medal Committee... Ravpu KELLY, Chairman 
National Franklin Committee 


COMMITTEES OF THE INSTITUTE 


Bartol Research Foundation Committee 

Biochemical Research Foundation Committee... CHARLES S. REDDING, Chairman 
Committee on Research 

Committee on Science and the W. Laurence LePace, Chairman 
Endowment Committee. . 


Finance Committee 


Membership Committee Morton G1BBons-NEFF, Chairman 
Museum and Memorial Committee ese I. MELVILLE STEIN, Chairman 
Publications Committee . G. H. CLaMER, Chairman 


i 
| 
: 
| | | 
a 
3 
i 
| 
ry 
| 
¥ 
ok 


JourNAL oF THE FRANKLIN INSTITUTE. 


eAnnouncing | 


THE PUBLICATION OF 
The 
Will of Benjamin Franklin 


T1757 


Hitherto unpublished, this will ranks with every- 
thing else Franklin ever wrote as an outstanding 
piece of prose. The lofty concluding paragraph in 
- which he returns his Thanks to God for his many 
blessings marks one of the high points of his 
early writing. This will is given in both letter press 
and exact full-size facsimile with a fine explanatory 


INTRODUCTION 
by 


Carl Van Doren 


Designed by Richard Ellis and printed by 
The Curtis Publishing Company 


8 vo, 16 pages with facsimile, art paper wrapper 


Price, $1.00 per copy, prepaid 


THE FRANKLIN INSTITUTE 
Philadelphia 3, Pa. 


vi 


ae 
> 
i 
4 
‘ 


Journal 
The Franklin Institute 


EDITOR, HENRY BUTLER ALLEN, Mkz.E., D.Sc., Sc.D. 
EDITORIAL ASSISTANT, NANCY S. GLENN, M.A. 


Associate Editors: 


WILDER D. BANCROFT, PH.D. PAUL D. FOOTE, PH.D. W. F. G. SWANN. D.SC. 
Cc. B. BAZZONI, PH.D. c. E. K. MEES, D.SC. HUGH S. TAYLOR, D.SC. 
ARTHUR L. DAY, SC.D. WILLIAM B. MELDRUM, PH.D. A. F. ZAHM, PH.D. 

R. EKSERGIAN, PH.D. HENRY C. SHERMAN, SC.D. JOHN ZELENY, PH.D 


Committee on Publications: H 

G. H. CLAMER, CHAIRMAN Cc. L. JORDAN HIRAM S. LUKENS ' 
RICHARD HOWSON LIONEL F. LEVY WINTHROP R. WRIGHT i 
i 

Vol. 248 DECEMBER, 1949 No. 6 i 


CONTENTS 


> 


Response of an Elastically Non-Linear System to Transient Disturbances...... i 
Rune L. EvaLpson, RoBert S. AYRE AND LyDIK S. JACOBSEN 473 
Workhardening of .ALFRED M. FREUDENTHAL 523 
Notes from the National Bureau of Standards............................... 537 : 
The Franklin Institute i 


Seminar on Pathological Sera. Kat O. PEDERSEN 


Published at 
Prince and Lemon Streets, Lancaster, Penna., by 
THE FRANKLIN INSTITUTE OF THE STATE OF PENNSYLVANIA 
Benjamin Franklin Parkway at Twentieth St., Philadelphia 3, Penna. 
DOMESTIC—EIGHT DOLLARS PER YEAR FOREIGN—NINE DOLLARS PER YEAR 
(Foreign Postage Additional) 


SINGLE CURRENT NUMBERS—ONE DOLLAR EACH 
REPRINTS—FIFTY CENTS PER INDIVIDUAL INSTALLMENT 


Indexes to the semi-annual volumes of the JouRNAL 
are published with the June and December numbers 


Vii 


3 
562 = 

| 

Notes from The Biochemical Research Foundation........................... 570 as 
585 
= 


JourNAL oF THE FRANKLIN INSTITUTE. 


THIS 1S MONEY 
IN THE SOLOMON ISLANDS 


If you could use porpoise teeth for money, as do the 
tycoons of the typhoon belt, financing your business 
would be relatively simple. 


But in this country, dollars alone will do... the kind 
of dollars that Fidelity makes available to many busi- 
nesses through its Commercial Department. If your 
business needs money, come in and talk it over. You'll 
find the financial resources you need, plus the advan- 
tage of sound advice based on varied experience. 


FIDELITY-PHILADELPHIA 


Trust Company 
BROAD AND WALNUT STREETS, PHILADELPHIA 9 


LISTEN TO FIDELITY’S “MGM THEATRE OF THE AIR” 
EVERY SUNDAY AFTERNOON—4:30 WFIL 


| 
i 
\ ‘ 
: 
is 
vill 
4 
4 


Journal 
The Franklin Institute 


Devoted to Science and the Mechanic Arts 


Vol. 248 DECEMBER, 1949 


GIANT MOLECULES IN SOLUTION * 


BY 
THE SVEDBERG ! 


In a primeval sea, life probably originated from further development 
of giant molecules in solution. How these were formed we do not 
know—as a possible cause we might assume some chance combination 
of amino acids. In the solid state well-defined, closed molecules are 
rare and we are, therefore, led to believe that such entities as protein 
molecules were first built up in a solution. At present we find them 
only as synthesis products in living beings. The viruses occupy an 
intermediate position between dead and living matter, between protein 
molecules and bacteria and they are known to exist in a liquid or semi- 
solid state. 

Such giant moiecules as we know from the solid, crystalline state 
and which are incapable of directly going into solution without the 
action of chemical agents are not so well-defined. They mostly repre- 
sent the repetition of a basic unit in various degrees of polymerization. 

It was through physico-chemical studies of protein solutions that 
the existence of well-defined giant molecules was found. The colloid 
character of proteins was recognized at an early date—as a matter of 
fact the term ‘“‘colloid’’ was coined from observations on a protein, 
gelatin—but the monodispersity or paucidispersity of these substances 
could not be proved by means of the methods in use at that time. 

Convection-free sedimentation in the ultracentrifuge combined with 
refined diffusion measurements gave the surprising result that most of 
the proteins in solution and some of those in the condensed state were 
built up of well-defined molecular units. An enthusiastic team of young 
research men—rather international in character—carried out the first 
observations of this kind in Upsala (the American Nichols, the Austra- 


* Talk presented at the Medal Day Meeting at The Franklin Institute, October 19, 1949. 
(Read by Dr. J. Burton Nichols, in the absence of the author.) 

! Director, The Gustaf Werner Institute for Nuclear Chemistry, Upsala, Sweden. 

(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 


the JouRNAL.) 
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lian Lewis, the Swede Fahraeus, the Romanian Chirnoaga). We had 
happened to hit upon representatives of quite a few different classes of 
proteins for our first experiments, ranging in molecular weights from 
about 40,000 (egg albumin), about 70,000 (hemoglobin), about 150,000 
(phycocyan), about 300,000 (phycoerythrin) to about 9,000,000 (hemo- 
cyanin). A rapid development followed, especially in America, England 
and Sweden, both with regard to experimental tools and the investiga- 
tion of substances. At present sedimentation constants can be meas- 
ured with an accuracy better than 1 per cent. 

In principle the sedimentation experiments are carried out in the 
following way. A small sample of the solution to be studied is enclosed 
between quartz windows in a sector-shaped cell, put into a suitable rotor 
(in Upsala we use steel) and spun at high speed in low pressure (the 
Upsala procedure) or in a vacuum. Observations of the sedimenting 
boundary in the solution are carried out by means of refractive index 
or light absorption measurements. From the data thus obtained the 
sedimentation constant is computed and, by combination with the 
diffusion constant, the molecular weight can be found. 

Among the results on protein molecules, existing spontaneously in 
solution, may be mentioned the following ones. The respiratory pro- 
teins are exceedingly well-defined. Their molecules possess one or a few 
prostetic groups, often containing a metal atom (iron, copper). The 
lowest molecular weights observed are those of cytochrom (12,000) and 
myoglobin (17,000). The red pigment of the nitrogen bacteria is 34,000 
and the hemoglobin of the vertebrates 68,000 with the exception of the 
lowest class, the Cyclostomata, the members of which have a blood 
pigment of molecular weight 17,000. The copper-containing hemo- 
cyanines of the Gastropodes and the Crustaceans present a number of, 
quite interesting features. By raising or lowering the pH or, in certain 
cases, simply by the addition of salt, the molecule often dissociates into 
halves and eighths. The hemocyanin of the vineyard snail contains two 
kinds of molecules in the proportion 3:1. Both types are dissociated 
by certain pH-changes but the more abundant type also by salts. As 
an other example of reversible pH-dissociation one could mention the 
phycocyan, the blue pigment of the algae, the molecule of which splits 
into halves already at a pH of 6.8. 

The serum proteins represent a very important but also very complex 
group. Especially the globulins are numerous. In pathological sera 
new constituents often appear, or the proportions of the normal ones 
are changed. In the serum of the fetus and the new-born of certain 
animals (ox, horse, sheep) a new protein, named the fetuin, was recently 
demonstrated. With age this constituent disappears. A comparative 
study of the different vertebrate classes shows that the serum of the 
birds closely resembles that of the mammals. The reptiles, the am- 
phibians and the fishes possess sera of similar, though slightly different, 
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constitution, while the serum of the lowest class of the vertebrates, the 
Cyclostomata, is entirely different from all other vertebrate sera. 

Among the proteins occurring naturally in the condensed state, but 
extractable by salt solutions, may be mentioned the vegetable globulins 
and the muscle proteins. The former ones are quite well-defined and 
often characteristic of their respective families; the latter ones, which 
(in contradistinction to most of the proteins mentioned above) have 
thread-like molecules, are not quite monodisperse. It seems to be the 
rule that globular macromolecules represent closed entities, while 
thread-like molecules can vary in size within certain limits, probably 
because of the ease with which sub-units may be added or subtracted. 

The polysaccharides which play such an important part within the 
vegetable kingdom as support or reserve substances are mostly built up 
of thread-like macromolecules (cellulose, pectines). Only a few poly- 
saccharides, such as the arabogalactane of the larch tree, has globular 
molecules. Also in the case of the polysaccharides the substances 
possessing thread-like molecules (such as cellulose) are more or less 
polydisperse, while those composed of globular molecules are mono- 
disperse. The polydispersity of cellulose is, however, less pronounced 
than would be the case if its molecules had been formed by chance 
polymerization of glucose units. This shows that the formation of 
cellulose in the plants follows ways quite different from those which we 
are used to observe when high polymers are synthesized in vitro. The 
distribution curve for the molecular weights of native cellulose, as 
recently determined in Upsala, possesses several maxima, indicating the 
accumulation of certain molecular sizes in distinct groups. 

The cellulose as it occurs in the wood is closely bound to lignin and 
it takes a certain chemical treatment to liberate it. If this is performed 
with care the product appears to be equally well-defined as the much 
less firmly bound cellulose of the cotton-seed hairs. Both in the case of 
wood cellulose and cotton cellulose the distribution curve shows maxima 
at a degree of polymerization of about 100, 200 and 300 glucose units. 
It is now of considerable interest that it has been possible, quite recently, 
to prepare by partial hydrolysis of native cellulose a sort of cellulose 
colloid built up of fairly equally sized rods possessing a length corre- 
sponding roughly to 100 glucose units as determined in the electron 
microscope. Electron diffraction studies on these cellulose rods have 
shown that they possess a very regular crystal lattice of the same general 
type but better defined than, according to previous X-ray studies, the 
cellulose fibers. Apparently the micelles as they occur in the fibers are 
partially hidden by amorphous material and thus less accessible to X-ray 
studies than in the isolated state. All this tends to convince us that in 
these rods we are confronted with the real elementary cellulose particles. 
These consist of bundles of parallel molecules of the type observed by 
means of the ultracentrifuge in cellulose solutions. 
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Ultracentrifugal and diffusion studies on synthetic polymers such 
as polymethacrylates and polychloroprene have demonstrated the 
chance distribution of their molecular weights. It has further been 
possible to show, in the case of chloroprene, that bulk polymerization 
produces chain-like, free-draining molecules, while in emulsion poly- 
merization the molecules produced resemble matted coils. 

The importance of high-molecular substances, both natural and 
synthetic, in biochemistry, biology, medicine and technology is becoming 
increasingly evident. When I started work along the lines mentioned 
above 25 years ago, interest in these things was rather limited. Largely 
through the encouragement I received in the United States during a 
stay at the University of Wisconsin in 1923 and later on through efficient 
financial help from the Rockefeller Foundation and through the enthusi- 
astic collaboration with numerous colleagues and students from many 
countries, but foremost from the United States, | was led to continue 
my work on high molecular substances during many years. It is for 
me a great satisfaction that my endeavors have now been rewarded by 
this high distinction conferred upon me, The Franklin Medal. 
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RESPONSE OF AN ELASTICALLY NON-LINEAR SYSTEM 
TO TRANSIENT DISTURBANCES 


BY 
RUNE L. EVALDSON,' ROBERT S. AYRE,! AND LYDIK S. JACOBSEN! 


ABSTRACT 


The problem relates to an undamped, elastically non-linear, single-degree-of- 
freedom system subjected to three forms of ground motion pulses (rectangular, cosine 
and ‘‘skewed”’ cosine); each form consists of a single pulse, the duration of which has 
been varied over a wide range. The maximum relative displacements (maximum ; 
distortions) have been plotted in dimensionless form as functions of the pulse dura- 
tions. Under some circumstances the non-linearity results in reduced maximum 
distortion, but in other cases it acts to increase it. Simple quantitative conclusions 
cannot be drawn. Analytical, graphical and experimental methods were employed; 
the graphical method has been presented in detail. 


INTRODUCTION 


The problem of a single-degree-of-freedom mechanical vibratory 
system subjected to a transient disturbance is found in many fields of 
engineering. When the restoring elements are linear the solution is ' 
straight forward but when they are non-linear it is often necessary to § 
use experimental, giaphical and approximate analytical methods. 
While the effects of steady-state disturbances on the non-linear case are 
fairly well known (1, 2, 3, 4)* the transient state has not received much 
attention (6, 7). 
The investigation’ consists of an experimental and graphical deter- ; 
mination of the response to transient ground motions. The non-linearity 
of the restoring element is symmetrical with respect to the instantaneous 
position of the moving ground and involves an abrupt but constant } 
increase in stiffness at a given relative displacement between the ground 
and the mass. The relative displacement at. which the increase in 
stiffness becomes effective and the ratio of the two constant stiffnesses 
have been varied over wide ranges. The study has been limited to the 
case of zero damping in order that primary emphasis could be placed on 
the effect of the non-linearity. 
The ground motions were of various single-pulse types, including 
the rectangular, the cosine and the ‘‘skewed” cosine shapes. The 
periods or durations of the pulses were varied widely. For comparative 


1 Graduate Student in Mechanical Engineering, Acting Associate Professor of Mechanical 
Engineering, and Professor of Mechanical Engineering, respectively, Stanford University, 
Stanford, Calif. 

2 The boldface numbers in parentheses refer to the references appended to this paper. 

3 Sponsored by ONR at the Vibration Laboratory, Stanford University. 
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purposes the theoretical responses of the limiting linear systems to the 
same pulses are given. 

The experimental portion of the program made use of a translational 
mechanical vibrating system which was subjected to the pulses by means 
of a cam-driven mechanical linkage. The graphical work employed a 
stepped approximation to the actual ground motion and a method (5, 6) 
which is related to the phase-plane method of non-linear mechanics. 


THE VIBRATORY SYSTEM 


The idealized vibratory system is shown schematically in Fig. 1, and 
the restoring force-relative displacement function in Fig. 2. 


G 
m 2 


Fic. 1, The idealized vibratory system. 


F 


ko 


Fic. 2. Restoring force—relative displacement function. 


The differential equation of motion is 
mi, + Kx, = Kxy, 
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where the notation is as follows: 
x, = absolute displacement: of the mass of the system, 
x, = absolute displacement of the ground, 
X, = maximum value of x,, 
t = time, measured from start of the ground pulse, 
t, = period or duration of the ground pulse, 
tm = time of occurrence of X,, 
o = degree of ‘‘skewness,”’ defined as t/ty, 
w = ground pulse frequency = 27/t,, 
x =X, — x, = relative displacement of mass and ground (dis- 
tortion), 
X = absolute value of the maximum of the maxima of x for a par- 
ticular system when subjected to a particular ground pulse, 
X» = the maximum X for a particular system when subjected to 
pulses of like form and amplitude but where ¢, is varied, 
m = mass of the system, 
G = a distance (spring gap), 
k, = spring constant of a restoring element which is in action at all 
values of x, i 
k,’ = spring constant of a restoring element (‘‘snubbing”’ spring) Pr 
which acts only when |x| > G, 
ko = ki + 
T = natural period of a linear system, 
7T,, Tz = natural periods of the limiting linear systems of a bi- linear 
family, 


ke 
7 = degree of bi-linearity, defined as VE. that is, aes 
1 2 


restoring force, and 


= — = instantaneous spring constant. 
x 


The natural period of the system shown in Fig. 1 is in general a 
function of displacement. However, the system will be linear in the i 
two limiting cases, namely: 


1, When 31,K=h and 7, = (2a) 
G ki 
x m 

2. When = ©, K =k: and = (2b) 
G ke 


Under each of conditions (2a) and (2b) the system is linear for all values 
of x. These limiting systems provide points of departure in the study 
of the non-linear family lying between them. 

Since the restoring force-relative displacement curve is composed of 
three straight lines with two slopes, k; and ke, the system will be termed 
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bi-linear. It approximates physical systems incorporating snubbing- or 
stop-springs. Furthermore, spring characteristics of continuous non- 
linearity may be reduced without excessive error to sequences of linear 
elements, of which the bi-linear characteristic is the simplest. 

The degree of bi-linearity will be denoted by 7, with the definition: 


(2c) 


THE GROUND MOTIONS 


The system was subjected to three forms of single pulse ground 
motion: 


Form 1. Rectangular Pulse, (Fig. (3a)): 
=X, (3) 


x, =0 for —~ ty. 


Cosine Pulse, (Fig. (3b)): 


e(2ro—wt)cotra 
~ (1 — cos wf) (4) 


°1 — cos 


x, = 


for < }. 
Form 3. Cosine Pulse, (Fig. (3c)): 


xy = 3X,(1 — cos of). 


*g 
| | 


Fic. 3. The ground motion pulses (a) Rectangular pulse (form 1). (b) Skewed cosine pulse; 
0 <} (form 2). (c) Cosine pulse; = } (form 3). 


Form 2 represents a family of motions obtainable by variation of o, 
the degree of ‘‘skewness.’"’ In the range 0 < ¢ < 3 the family provides 
examples of the common type of ground motion which progresses to a 
maximum and then recedes less rapidly to its original position. The 
portion of the family obtained by letting } < a < 1 is of less interest. 
Form 3 is a special case of Form 2 where o = 3. 


ky 
rer = 
T2 ky. 
: 
(5) 
| 
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The displacement, velocity and acceleration of the ground for pulses 
of Forms 2 and 3 have been shown in Figs. 4 and 5. It should be noted 
that the effect of ‘‘skewing” the displacement cosine pulse results in a 
greater effect on the corresponding velocity pulse and in a still greater 
effect on the corresponding acceleration pulse. 


RESULTS 

Values of X have been obtained in two manners: first, by changing 
the ratio r which defines the bi-linear family of systems; and second, by 
varying the ratio X,/G which defines the bi-linearity within each family 


of systems. 
In the experimental procedure r was varied by holding 7; and conse- 


quently &; constant while the “‘snubbing spring’’ and hence and 
T, were changed (see Figs. 6 and 7). 


F 


2 


FiG.6. System with ‘‘soft’ snubbing springs. F1G.7. System with ‘“‘stiff’’ snubbing springs. 


Nine diagrams follow in which X /X, has been plotted as a function 
of t,/T = 2x/wT for the general linear case or t,/7, for the bi-linear 
systems. Since the phenomenon is a transient one it becomes necessary 
to identify the time or order of occurrence of X, otherwise the discon- 
tinuities which appear in the diagrams are not readily explainable. In 
Fig. 8, which is a typical time-distortion curve for the linear system, the 
maxima have been labeled x:, x2, etc. In this particular case the great- 
est is x3, which is then X; it occurs within the duration of the ground 
motion. Maxima which occur during the ground motion will be termed 
forced vibration maxima in order to distinguish them from the free vibra- 
tion maxima which occur afterward. 

The use of the identification is illustrated by Fig. 11a which gives 
the response of the linear system to the cosine pulse. The curve labeled 
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Fic. 8. Identification of the maxima. 


1, 1, 1, --+ is the curve of x:/X, which always occurs during the ground 
motion and which is X/X, for values of t,/T from 0 to 0.30. The curve 
labeled 2, 3, 4, 5, 6, --- is the curve of free vibration maxima, x2/X,, 
etc., for t,/T from 0 to 0.48; moreover, for values of t,/T from 0.30 to 
0.48 it is also the curve of X/X,. When ?¢,/T is greater than 0.48, 
x2/X, occurs during the ground motion and is less than X/X,, except 
that for ¢,/T from 1.67 to 2.42 it again becomes the maximum. The 
envelope of the curves for x:/X,, etc., is the curve of X/X,. The 
envelope for a bi-linear system may be constructed in the same general 
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Fic. 9(a). Distortion of linear system; rectangular ground pulse. 


The numbers on the curves refer to consecutive maxima (see Fig. 8). The peak of the envelope is 
symmetrical and repeats itself at regular intervals; Xm/X, occurs at 4¢/T = 1, 3, 5, etc. 
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‘manner. Since we are interested in the order of occurrence of the 


maxima only as it aids in locating and explaining the discontinuities in 
the envelopes, no further identification. will be made. 
The Linear System 


The response of the linear system to the three forms of ground mo- 
tion is shown in Figs. 9(a), 10(a@), and 11(a). Since the linear case is 


75 1,00 1.75 


Fic. 9(6). Distortion of bi-linear systems, 7,/T: = + = 2.17; rectangular ground pulse. 
Note that the first peak of the curve of free vibration maxima for one example, X,/G = 1.50, has been shown 
in complete form. The peak is symmetrical and repeats itself at regular intervals. The curve of forced vibration 
maxima (horizontal dashed line) has not been shown completely. X/X, is never less than 1.00 in the case of the 
rectangular pulse. 


trivial in itself and serves only as an introduction to the non-linear family 
the following remarks will be limited: 


1. X/X, may occur during either the forced vibration or the ensuing 
free vibration, depending on ¢,/T and the form of the pulse. 

2. X/X, = 1.00 at t,/T 0, for any form of pulse. 

3. X/X, never falls below 1.00, for the rectangular pulse. 

4. For the three forms of pulse investigated X,,/X, occurs during the 
free vibration and at values of t,/T as follows: rectangular pulse, 1.00, 
3.00, 5.00, etc.; quarter skewed cosine pulse, 1.05; cosine pulse, 0.84. 
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1.25 1.50 


Fic. 9(c). Distortion of bi-linear systems, 7;/7:; = + = 6.50; rectangular ground pulse. 


In this case the first peak of the curve of free vibration maxima has been shown in complete form for 
the example, X,/G = 1.20. The peak is symmetrical and repeats itself at regular intervals. 


5. The magnitudes of X,,/X, are: rectangular pulse, 2.00; quarter 
skewed cosine pulse, 1.52; cosine pulse, 1.64. The value 2.00 is of 
course the greatest that may be attained with any single pulse. 


———— Forced vibration maxima 
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Fic. 10(a). Distortion of linear system; skewed cosine ground pulse, tm/tg = o = 4. 
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Fic. 10(b). Distortion of bi-linear systems, 7,/T:; = + = 2.17; 
skewed cosine ground pulse, tm/tz = ¢ = }. 


| 
if 
| 


~ 


SN 


> 


50 75 1,00 43 1.25 i 175 


Fic. 10(c). Distortion of bi-linear systems, 71/72 = + = 6.50; 
skewed cosine ground pulse, t/t, = 0 = }. 
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50 


Fic. 11(a). Distortion of linear system; cosine ground pulse. 


The Families of Bi-Linear Systems 


The envelopes of maximum distortion are shown in Figs. 9(0), 9(c), 
10(b), 10(c), 11(b), and 11(c). For reasons of clarity some of the enve- 
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Fic. 11(6). Distortion of bi-linear systems, 71/T, = + = 2.17; cosine ground pulse. 
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lopes are not shown completely, especially in the case of the rectangular 
pulse for which only the first peak of each envelope is included. 

The most obvious remark relating to a particular family and par- 
ticular type of pulse is that, starting with the limiting linear system of 
period 7 and introducing bi-linearity by means of the parameter X,/G, 
there is a gradual change in the shape of the envelope and in general in 
the magnitude of X,,/X, until the limiting linear system with period 7, 
is reached. Figures 10(b) and 11(6), which are for the family 7 = 2.17, 
show rather smooth transitions from one limit to the other. When the 
pulse is of Form 2, X,/G must reach a value of 0.66 before the system 
starts to become bi-linear. As X,/G is increased beyond this value the 


25 50 75 100 125 2.00 2.25 

Fic. 11(c). Distortion of bi-linear systems, 7;/7. = 7 = 6.50; cosine ground pulse. 


envelopes for members of the bi-linear family branch off from the 
envelope of the linear system of period 7;._ When the pulse is of Form 3, 
X,/G must reach 0.61 before bi-linearity appears; in this case the branch- 
ing of the bi-linear envelopes from the linear is even more evident. The 
progression in the family with 7 = 6.50, Figs. 10(c) and 11(c), is less 
uniform. 

Figures 9(6) and 9(c) relate to the rectangular pulse. The same 
characteristics as indicated above are evident, except for the pronounced 
difference that X,,/X, is always 2.00, regardless of X,/G. 

The effect on X,, of variation in the degree of bi-linearity has been 
summarized in Fig. 12 where the ratio (Xm)vii/(Xm)1in has been plotted 
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as a function of G/(Xm)iin. Several generalizations may now be made 
based on Fig. 12: 


1. When G/(X»)iin S 1 the system is obviously linear for all values 
of t,/ T}. 

2. When G/(X~m)iin = 0 the system is linear for all values of t,/7;. 
This is exactly true if G = 0, and is sensibly true if X, is large in com- 
parison with G. 

3. There is, in general, some optimum value of G/(X~m)1in for which 
the absolute maximum distortion of the bi-linear system will be a mini- 
mum. The case of the rectangular pulse is an exception. 

4. As + approaches unity the system approaches linearity, but the 
appr ach to linearity is rather slow. 


Rectangular ground pulse Skewed cosine ground pulse Cosine ground pulse 
6% 4 rt: 


726.504 / 
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—_Gep length 
linear distortion Wha. 


Fic. 12. Effect of bi-linearity 7 and of gap length on maximum distortion; 
for three types of ground pulses. 

(a) Rectangular ground pulse. 

(b) Skewed cosine ground pulse, ¢ = }. 

(c) Cosine ground pulse, ¢ = }. 
5. Another extreme is possible if we make the snubbing springs hk,’ 
infinitely stiff. This case is represented by the straight line passing 
through the origin and through the point (1.0, 1.0). This limiting con- 
dition indicates in Fig. 12(6) and (c) that curves for any value of rt must 
stay on the left side of the limiting straight lines. 

The following general remarks can now be made about the bi-linear 
systems: 

1. X/X, may occur either during the forced vibration or the ensuing 
free vibration, depending on t,/7), the form of the pulse, and the degree 
of bi-linearity. 

2. X/X, = 1.00 at t,/T; +0, for any form of pulse and for any 
system. 
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3. X/X, never falls below 1.00, for the rectangular pulse. 

4. X,,/X, for the linear systems of period 7; and 72 occur at two 
specific values of ¢,/7, which depend on the form of the ground pulse, 
Xm/X, for a member of the bi-linear family occurs at some value of 
t,/T, lying between the two specific values for the limiting linear sys- 
tems. Moreover, when the pulse is rectangular, X,,/X, for a bi-linear 
system occurs at many values of t,/7, in a manner similar to that for the 
linear system. 


Examples 


(a) More startling effects of non-linearity appear if we take some 
particular values of t,/7,. For example, assume that a linear system of 
natural period 7, is subjected to a cosine pulse for which t,/7, = 0.84; 
the resulting maximum distortion is then 1.64X,. Next we suppose 
that the system is made bi-linear by the introduction of snubbing springs 
and a gap such that r = 6.50 and X,/G = 1.60. The maximum distor- 
tion will now be 0.83X,, or about 50 per cent of that for the original 
linear system (see Fig. 11(c)). 

(b) A similar situation arises if the original linear system has a 
natural period 7», and if the springs &; are then made softer for distor- 
tions smaller than the gap. If we take +r = 6.50, X,/G = 1.60, and 
t,/T, = 0.13, the maximum distortion of the new bi-linear system will 
be near 1.00X, or about 60 per cent of that of the linear (see Fig. 11(c)). 

(c) On the other hand, non-linearity may act to increase the dis- 
tortion. Referring again to Fig. 11(c), we assume that ¢,/7, equals 0.25. 
The original linear system has a period 7», with a corresponding maxi- 
mum distortion of 0.54X,. If it is softened, as described above, then 
the maximum distortion of the bi-linear system for X,/G = 1.60 will be 
1.32X, or about two and one-half times that of the linear case. Simi- 
larly, if the original linear system has a period 7, and if snubbing 
springs are added, the maximum distortion of the bi-linear system for 
T,/G = 1.60 will be nearly 70 per cent greater than that for the linear. 
The possibility of increased distortion due to non-linearity and particu- 
lar values of ¢,/T; is also apparent in the case of the rectangular pulse 
(see Fig. 9(c)). 


Restoring Force and Acceleration 


The foregoing discussion has been related to relative displacement 
or distortion. Criteria which often may be of equal or greater impor- 
tance in judging the effect of a pulse are restoring force and acceleration. 

The variation of maximum restoring force with duration of ground 
motion has been shown for one bi-linear family and for one type of 
ground pulse in Fig. 13. The absolute maximum restoring force in the 
limiting linear system of natural period T, is (7,/T2)*, or k2/k1, times 
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the absolute maximum for the limiting system of period 7;._ The abso- 
lute maxima for the intervening bi-linear systems lie between those for 
the linear systems. The bi-linearity results in either increased or de- 
creased restoring force and acceleration, depending on particular values 
of t, / 


(linear system; To) 


Fic. 13. Restoring force in bi-linear systems, 71/72 = 7 = 2.17; cosine ground pulse. 


SUMMARY AND CONCLUSIONS 


The quantitative results of the investigation have been presented 
mainly in the form of envelopes of maximum distortion plotted as a 
function of forcing period, where the variables have been expressed in 
dimensionless form. Each-envelope includes a number of discontinui- 
ties in slope which arise from the transient nature of the phenomenon. 
More specifically, for some values of forcing period the maximum dis- 
tortion is the first of the maxima of the distortion-time function; for 
other forcing periods it is the second, and so on; this change in the order 
of occurrence of the maximum results in the discontinuities. The 
manner of determining the envelopes has been shown in detail for the 
linear system. 

Corresponding to each family of linear and bi-linear systems there is, 
for a particular form of forcing function, a family of envelopes of maxi- 
mum distortion. As X,/G is increased beyond a limiting finite value, 
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the envelopes for the bi-linear members of the family branch off from 
the envelope for the limiting linear system of period 7, and gradually 
approach the envelope for the limiting linear system of period T7;. The 
absolute maximum values of the two limiting envelopes are, of course, 
equal. The absolute maximum distortion of a bi-linear system, how- 
ever, is in general less than the absolute maximum for the limiting 
linear cases, and for some optimum value of X,/G the absolute maximum 
distortion attains a minimum value. An exception is provided by the 
rectangular ground pulse. In this case the absolute maximum distor- 
tions for the bi-linear systems are equal to those for the limiting linear 
systems. 

The above is based on the assumption that the forcing period may 
take any value and indicates, except for the rectangular pulse, that bi- 
linearity may be advantageous if it is desirable to reduce the absolute 
maximum distortion. However, for particular values of forcing period 
bi-linearity may be either advantageous or disadvantageous. The 
essence of the matter lies in the relationship of the forcing period to the 
instantaneous natural period of the system. Since the natural periods 
for the bi-linear systems are in general functions of displacement one 
cannot rely on assumed simple relationships. 

It has been pointed out that maximum distortion is not the only 
criterion for judging the effect of bi-linearity. Other criteria as maxt- 
mum restoring force and maximum acceleration, which are related directly 
to each other and to maximum distortion through the instantaneous 
spring constant, may be of importance. 

While the symmetrical bi-linear system is perhaps the simplest of 
elastically non-linear systems, its response, even to simple forcing func- 
tions, is complicated. One must be wary in estimating what the effect 
of bi-linearity will be. If many problems are to be solved an experi- 
mental apparatus is advantageous and can be constructed without great 
effort. The particular form of apparatus used in this investigation is not 
necessarily recommended, although it has proved satisfactory. If only 
a few specific problems are to be solved the graphical method is superior 
to the experimental. 
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APPENDIX A, GRAPHICAL METHOD 


The graphical method is an adaptation of the rotating vector method 
of representing the vibrations of single degree of freedom systems (5, 6). 
The adaptation relates to ground motions and involves the considera- 
tion of: 

(1) The trajectory of the system in the z,/p, x, phase plane. 

(2) An approximation of the actual ground motion by a sequence of 
rectangular steps. 


Fic. A-1. Free vibration of a linear system. 


(3) The changes in the position of static and/or temporary points 
of equilibrium about which the system will oscillate as a result of the 
ground motion and/or the changes in the incremental spring constant 
of the non-linear systems. 

(4) The sudden changes in the coordinate #,/p as the incremental 
spring constant (and hence the effective natural frequency p) vary. 


The presentation of the method for the bi-linear system will be 
facilitated by considering some simpler cases first. 


Free Vibration of a Linear System 


Let the initial displacement and velocity be x» and zp. The vibra- 
tion of the system may be represented by a circle passing through the 
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point z9/p, x9 and with center at the origin. The circle is generated by 
a vector of length equal to the amplitude of the vibration, rotating with 
constant velocity p. (Fig. A-1.) 


Free Vibration of a Bi-Linear System 


The spring characteristic of Fig. A-2(a) is similar to that of Fig. 2 
except that it has been rotated through a positive angle of 90°. Let 
xo < Gand Zp > 0 (Fig. A-2(6)). During the first stage the system has 
a natural frequency p; and moves about the static position of equi- 
librium 0. After a time ¢;, x, becomes equal to G and the system starts 
to oscillate with an effective natural frequency p2 about the temporary 
position of equilibrium Or. Due to the sudden change in effective 
natural frequency the abscissa at x, = G must change suddenly from 
4:/p; to %:/p2 or an amount 1 — 1’. The ensuing vibration is de- 
scribed by a new vector rotating about Og with an angular velocity p>. 


Fic. A-2. Free vibration of a bi-linear system. 


After a time interval (t — t,), x, returns to the value G, the effective 
natural frequency again becomes ;, and the system again oscillates 
about the static equilibrium position O. The process continues, the 
rotating vectors describing a symmetrical closed diagram as a conse- 
quence of the symmetrical spring characteristic and zero damping of 
the system. The representation is exact. Displacement-time and 
velocity-time diagrams may be constructed from the #,/p, x; diagram as 
illustrated in Fig. A-2(c). 


Linear System Subjected to a Rectangular Ground Pulse 


Assume that the system is initially at rest and unstrained. The 
motion of the system until the time ¢; is represented by the circular arc 
0,0’ — 1, 1’ described by a vector of length X, rotating (through an 
angle pt,) about the displaced position of static equilibrium 0, (Fig. 
A-3(b)). At the time f; the position of equilibrium is returned to its 
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original location, and the ensuing free vibrations are described by thé 
circle with center at 0. The ground motion and the displacement-time 
diagrams appear in Fig. A-3(c). The method is exact. 


Xs 


\ 


(e) 


Fic. A-3. Linear system subjected to a rectangular ground pulse. 


Ground Motion of General Form 


The method may be applied to any ground motion by the use of a 
stepped approximation, as illustrated in Fig. A-4, where for clarity the 
number of steps has been limited to three. The vibration during the 
ground motion is represented by the arcs 0,0’ — 1, 1’, 1, 1’ — 2, 2’ 
and 2, 2’ — 3, 3’ with centers at the temporarily displaced static posi- 


tions of equilibrium 0,, 02, 03. The ensuing free vibration is described 
by the circle with center at 0 and passing through the point 3, 3’. 


Bi-Linear System Subjected to Ground Motion of General Form 


The first step results in the arc 0, 0’ — 1 of Fig. A-5(6).. The ground 
displacement x,; is small enough so that the resulting distortions are less 
than G. During the instantaneous ground displacement occurring at 
the start of the second step (¢ = ¢;) the distortion is forced to a value 
numerically greater than G, the effective natural frequency becomes p»2 
and the abscissa of the #,/p, x, diagram at ¢ = ¢; decreases from #1/p; 
to 4:/p2 or by an amount 1 — 1’. The system starts to oscillate about 
the effective position of equilibrium 02; and continues so until the dis- 
tortion has decreased to a value equal to G (at t) < t < ft). At this 
instant the effective natural frequency changes from p2 to p;, the ab- 
scissa increases correspondingly, and the system starts to oscillate about 
the displaced position of static equilibrium 02; it continues so until 
t = to. 

The vibration from time ¢: until time ¢; may be similarly explained. 
At ¢ = ts the ground returns to its original position at x, = 0 and re- 
mains there, and the system describes free vibrations with starting 
conditions determined by point 3, 3’. 
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While the above example illustrates several important points regard- 
ing change in x from a value smaller than G to one larger than G, and 
vice versa, it is somewhat distorted by the fact that only three steps have 
been taken to approximate the ground pulse. Ordinarily more steps 
would be used. 

The distortions during the ground motion are readily obtained from 
the z,/p, x, diagram, or the x,,f curve, and the x,,f curve. For this 
purpose it is usually more accurate to take values of x, from the actual 
curve of ground motion rather than from the stepped approximation. 


Accuracy 


In order to obtain a given accuracy the number of steps employed 
in the approximation of the ground pulse varies somewhat depending 
on the form of the pulse, the ratio ¢,/T and the degree of bi-linearity of 
the system. Some idea of the accuracy obtained with a linear system 
is indicated below: 


Cosine pulse with ¢,/7 corresponding to Xm: 
16 equal steps 99 per cent, 8 equal steps 97 per cent, and 6 equal 
steps 97 per cent. 
“Skewed”’ cosine pulse ¢ = } and with ¢,/7 corresponding to X»: 
24 equal steps 99 per cent, 12 unequal steps 98 per cent, 8 unequal 
steps 96 per cent, and 6 unequal steps 94 per cent. 


General A pplication 


The method is a powerful one. In application to linear or to stepped 
non-linear systems its theoretical accuracy is limited only by the number 
of steps one is willing to use in approximating the forcing function. In 
application to a system with continuous non-linearity the continuous 
restoring force-distortion function must also be replaced by some 
stepped approximation (6). 

The restoring force-distortion function may be asymmetrical instead 
of symmetrical and may include portions with negative slope (8). 
Damping may be treated by continuously modifying the length of the 
rotating vector according to the law of damping (6). There is‘no 
restriction on the starting conditions. 


APPENDIX B, EXPERIMENTAL APPARATUS 


The experimental apparatus consisted of a translatory mechanical 
system subjected to transient ground motions by means of a cam-driven 
mechanical linkage as shown in Fig. B-1. The cam C, shaped to 
generate the ground pulse, is driven at constant velocity, variable over 
a wide range. The pulse is imparted to the ground structure GS 
through the cam follower F and linkage A, LZ. A restoring spring RS 
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maintains continuous contact between the follower and the cam. The 
natural frequency of the linkage, ground structure and restoring spring 
system is high relative to the operating frequencies. The wire W is 
practically inextensible. The mass of the upper spring system, S:, W, 


Schematic diagram of experimental apparatus. 


cam A, L linkage 
cam follower GS _ ground structure 
RS __ restoring spring 
mass 
springs of combined constant ki 
springs of combined constant k2’ 
wire, connecting springs Sz 
adjustable stops mounted on M 
stops attached to W 
glass plate—steel roller supports 


D2, is very small in comparison with the mass M; therefore, kinetic 
energy transfers to the upper system are negligible. Friction was — 
minimized by the use of the glass plate-steel roller supports PR under 
the mass. The displacements x and x, were recorded continuously by 
a direct-inking, mechanical device. 
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A MODERN APPROACH TO “DIMENSIONS” 


BY 
PARRY MOON! AND DOMINA EBERLE SPENCER? 


A characteristic of nineteenth-century physics was the belief that 
the entire subject could be based on the laws of classical mechanics. 
These principles had been found applicable over a tremendous range, 
from astronomical values of 10" m to molecular dimensions of 107!° m. 
The apparently foreign subject of heat had been made a branch of me- 
chanics by means of kinetic theory. It was felt that further work would 
undoubtedly make electromagnetism another branch of mechanics. 

Under these circumstances, it was natural that the concepts of 
length, mass, and time, which had been chosen as fundamental in 
mechanics, should be applied to all branches of physics. But the 
twentieth century brought quantum mechanics and relativity, which 
practically destroyed the mechanistic idea of the universe. As a result, 
the feeling that everything had to be expressed in terms of the primary 
‘‘dimensions’’ /, m, t was abandoned by most physicists. Bridgman (1) ® 
emphasized the fact that there is nothing sacrosanct about /, m, t and 
that ‘‘dimensional”’ analysis is merely a man-made tool that may be 
manipulated at will. This principle of free choice of the primary con- 
cepts has been widely accepted, though one still finds references to 
“true’”’ or ‘‘absolute dimensions”’ and statements that the ‘real dimen- 
sions” of ¢ and yw are not yet known. 

After having accepted the principle of relativity of ‘‘dimensions,” 
one is faced by the question of what choice of primary concepts will be 
of maximum utility. This is the subject of the present paper. 


1. FUNDAMENTALS 


As pointed out previously (2), the geometric approach to ‘‘dimen- 
sion” theory has advantages. A complete physical quantity ‘ possesses 
both magnitude and ‘‘quality’’ and is thus similar to a vector. The 
magnitude of the physical quantity is represented by the length of the 
vector, while the kind of physical quantity is represented by the direc- - 
tion of the vector. 


1 Department of Electrical Engineering, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

2 Brown University, Providence, R. I. 

3 The boldface numbers in parentheses refer to the references appended to this paper. 

‘A scalar quantity or one component of a vector in euclidean 3-space. Note that the 
“vector” referred to in the above sentence of the text is an édon vector. 
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We write one of these ‘dimensional’ vectors as a symbol inclosed 
in curly brackets, as {A}. The magnitude is denoted by A and the 
direction is specified by the designation symbol [a', a’, --- a*]. Thus, 


{A} = A[a', a’, --- a*] = Aa’, (¢ = 1,2, --- R). 


Geometrically, {A} is a vector in a k-dimensional affine space, A is a 
scalar, and a’ is a base vector which fixes the direction of {A}. To dis- 
tinguish {A} from vectors in the euclidean space in which the physical 
phenomena occur, {A} is called an idon. The fictitious k-space of the 
idon vectors is called idon space. The coordinates a’, a’, --- a* of the 
base vector are equal to the exponents of the usual ‘dimensional’ 
formulas. 
Allowable operations on idons are as follows (2): 


(1) Addition. The addition of two idons is possible only if they are 
collinear. This corresponds to the well-known principle of ‘‘dimen- 
sional” homogeneity. In this case, the sum of 


{A} = Aa’ and {B} = Bb‘ 
is defined as 


{A} + {B} = (A + B)a‘ = (A + B)b‘. (1) 


(2) Multiplication by a scalar. Let k be an tdonic scalar (‘‘dimen- 
sionless’’ quantity). Then the product of it and an idon is defined as 


k{A} = kAa‘ = Aka’. (2) 


(3) Multiplication. Multiplication of two idons is defined by the 
equation, 


(A}{B} = + (3) 


Note that this product is similar to the familiar product of two complex 
quantities in polar form, where the lengths are multiplied and the angles 
added. Here the corresponding coordinates of the base vectors are 
added in taking the product. 

Repeated multiplication leads to the equation, 


{A} = (A)*[ya"] (4) 


where y may be extended to non-integer values if desired. 
(4) Division. Division of idons is defined as 


An example is shown in Fig. 1. The primary concepts are chosen 
as length, mass, and time so k = 3 and the coordinate axes are I, m, t. 
Any length is written 


= I[1, 0, 0], 
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any mass is 
{m} = m([0, 1, 0], 
{¢t} = ¢[0, 0, 1]. 


Any equation of physics can be rewritten in idon form by merely 
replacing the usual quantities by idons. For instance, velocity is 
defined as 


and any time is 


v = dl/dt. 


d{l} 
{v} = dit} 


In idon form, 


[0,0,1] 


[0,1,0) 
MASS 


[1,1;2] 


Fic. 1. Division of / and ¢ idons result in idons for v and a. 


or, since the base vectors are invariant with respect to the differentia- 


tion, 
di[1,0,0] _ dl 


via’, a?, a? = di[0, 0,1) ~ dt [1,0, —1]. 


For equality, both magnitude and direction must be the same, giving 
the two equations, 


v=dl/dt and = [1, 0, —1]. 


Similarly, acceleration has the base vector [1,0, —2]. Any accelera- 
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tion is therefore represented by a vector in the direction of the accelera- 
tion base vector (Fig. 1). 
If we define force as 


F = ma, 


then 


[F} = {m}{aj} = ma([0, 1,0] + (1,0, —2]) 
ma{1, 1, —2]. 


Thus the base vector associated with the concept of force is [1, 1, —2], 
if 1, m, t are chosen as primary concepts. 


2. AMBIGUITY 


Since the number and nature of the primary concepts are arbitrary, 
their choice can be put on a purely pragmatic basis. That is, a particu- 
lar number of primary concepts and a particular choice of concepts may 
turn out to be most convenient for a given problem, and this choice 
should be employed rather than an arrangement that is less useful. To 
answer the question of what primary concepts are best, therefore, one 
must consider the purpose of ‘‘dimensions.”’ 

In a previous paper (3), six uses of idon theory were listed. The 
fundamental application is to the designation of concepts. The designa- 
tion symbol [a', a*, --- a*] or base vector shows at a glance what the 
concept is and what relation it has to other concepts. If the method 
is to be effective, a 1:1 relation should exist between base vectors and 
concepts. But this ideal condition does not obtain, in general, when 
l,m, t are chosen as primary concepts. Thus a looseness and an am- 
biguity are introduced that detract from the value of all six applications 
of idon theory. 

That the use of /, m, tas primary concepts leads to ambiguity is well 
known. One instance is given by energy and torque, both of which have 
the base vector [2, 1, —2]. Another example is that of luminous in- 
intensity and luminous flux, which are regarded by all photometrists as 
distinct concepts but which have the same base vector. 

In electricity and magnetism, the same concept has different desig- 
nation symbols depending on whether the “electrostatic”’ or the ‘‘electro- 
magnetic’ cgs. system isemployed. Moreover, some of the base vectors 
assigned to electric and magnetic concepts are already assigned to 
familiar mechanical concepts. In the ‘electrostatic’ system, for in- 
stance, capacitance has the same base vector as length, resistivity has the 
same base vector as time, resistance is equivalent ‘‘dimensionally”’ to 
reciprocal velocity, and permeability is equivalent to reciprocal velocity 
squared. In the ‘electromagnetic’ system, inductance and length have 
the same base vector, as do resistance and velocity. 

To talk of inductance and capacitance in centimeters, resistivity in 
seconds, and resistance{in centimeters per second is not wrong but it is 


q 
24 


Dec., 1949.] A Mopern Approacu To “DIMENSIONS” 499 


confusing, and only our long familiarity with such ‘“dimensional”’ 
monstrosities makes us willing to tolerate them. Physicists in general 
have learned to take these discrepancies in their stride and to consider 
them as normal. For instance, Birge (4) says, ‘‘. . . one cannot, from 
the adopted dimensions of a quantity, draw any conclusions as to its 
physical nature; thus two quantities of quite different character, such 
as moment of force and energy, have, in the cgs. system, the same 
dimensions.’ 

The point is that this ‘dimensional’ ambiguity is not a fact of 
nature. It is merely an imperfection in our man-made scheme of 
assigning primary concepts. If idon theory is to be of maximum 
serviceability, it must be revised so that each concept has its unique 
base vector. 


3. THE m, t SYSTEM 


Table I lists several possible designation systems for the concepts of 
physics and engineering. The second column indicates the result of 
choosing the traditional /, m, and ¢ as primary concepts. For mechanics, 
the designation symbols are well known and are fairly satisfactory. 
The most notable ambiguity occurs with energy and torque, as mentioned 
in the previous section. Despite the identity in ‘“‘dimensions,”’ physi- 
cists always regard energy and torque as distinct concepts. Another 
example is the confusion among normal stress, shearing stress, pressure, 
and elastic modult, all having the base vector [—1, 1, —2]. These con- 
cepts are often considered identical, from the mistaken notion that 
‘dimensions’ are associated with units instead of concepts and that 
identical units imply identical concepts (3). From an operational stand- 
point, however, the above concepts are as distinct as energy and torque. 
It would seem preferable, therefore, to associate normal stress and 
shearing stress with different base vectors. 

Turning now to the subject of heat, we find that /, m, ¢ can still be 
employed, but an assumption must be made about the ‘‘dimensionality”’ 
of some constant. One suggestion (5) has been to base the analysis on 


the equation, 
pv = RT 


and to assume that R has the same designation symbol as mass. This 
assumption leads to the interesting result that entropy and mass are 
‘‘dimensionally”’ identical and that temperature has the same base vector 
as velocity squared. These ambiguities are listed in Table II. 

There is, of course, no necessity that this particular assumption be 
made. Condon (6) takes the Wien displacement relation, XJ = const. 
and assumes that the constant is an idonic scalar. The results of this 
proposal are marked (0d) in the second column of Table I. Ambiguities 
are found between temperature and reciprocal length, thermal power and 
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TABLE I.—Designation Symbols for Physical Concepts. 


Name m, 


(1, m, t, T, F) 


Geometry 


Distance [1, 0, 0] 
Area [2, 0, 07 
Volume [2, 0, 0] 
Angle [0] 


Solid angle 


Kinematics 
Time 


Velocity (1,0, —1] 
Acceleration [1,0, —2] 
Angular velocity [0, 0, —1] 
Angular 
acceleration [0,0, —2] 
Frequency [0, 0, 
Dynamics 
Momentum (1,1, —1] 
Impulse [1,1, -—1] 
Torque (2, 1, —2] 
Energy (2,1, —2] 
Power (2, 1, -3] 
Mass [0, 1,0] 
Moment of 
inertia (2, 1,0] 
Dissipation 
coefficient (0, 1, —1] 
| Stiffness (0, 1, —2] 
Efficiency [0] 
Elasticity 
Stress, normal [-—1,1, —2] 
shear C-1,1, —2] 
i Strain, normal [0] 
shear [0] 
Elastic moduli [—1,1, —2] 


Hydrodynamics 


Pressure (-1,1, —2] 
Velocity 

potential [2,0, -1] 
Density [-3, 1,0] 
Viscosity (-1,1, —1] 


Surface tension 


Heat 


Temperature (2,0,-2] [-—1,0,0] 
Thermal energy 

(heat) (2,1,-2] [2,1, —2] 
Thermal power [2,1, —3] [2,1, —3] 
Entropy (3,1, -—2] 


(2, 1, 0, 0, 0, 07 


[0, 1, 0, 0, 0) 
(0, 1, —2, 0, 0,0] 
0 


i, 


2, 0 
1, ~2,0 


2, 
[0] 
[0] 

1, —2, 0, 0, 0] 


0, 0) 
0, 07 


[—1,1, —2, 0, 0, 0] 


(2, 0, 0, 0, 0) 

1, 0, 0, 0, 0] 

(—1, i, 0, 0] 
1, —2,0,0,0 


[0, 0, 0, 1, 0,0] 


[2, 1, —2, 0, 0, 0] 
1, —3, 0, 0,0] 
(2, 1, 0, 0] 


(1, 0, 0, 0, 0) 
[1, —2, 0, 0, 0, 0) 
(0, —1, 0, 0, 0, 0] 


[0] 
[—3, 1, 1, 0, 0, 0) 


[—3, 1, 1, 0, 0, 0] 


500 [J. F. 1 
[1, 0, 0, 0, 0, 07 [1, 0, 0, 0, 0, 07 
(2, 0, 0, 0, 0, 0} [2, 0, 0, 0, 0, 0} 
[3, 0, 0, 0, 0, 0) [3, 0, 0, 0, 0, 0] : 
[0} [0] 
[0] [0] [0] 
[0, 0, 1] (0,0, 1,0,0,0] 0, 0, 0, 0) 
(1, 0, 1, 0, 0, 0) 
4 [0, 0, —1, 0, 0, 0) 
[0,0, -2,0,0,0] 0,0, 0,0] x 
(0,0, -1,0,0,0] [0, -1, 0, 0, 0, 0) 
(1,1, —2,0,0,0] 1, 0,0, 0] 
(1,1,-1,0,0,0] [—1,2,1,0,0,0] 
(1,1, —-1,0,0,0] [—1,2,1,0,0,0] 
(2, 1, —2, 0,0, 0) [0, i, 1, 0, 0, 0) 
[2,1, —2,0,0,0] 0, 1, 1, 0, 0, 0) 
[2, 1, —3,0,0,0]  [0,0,1,0,0,0] 
[0, 1, 0, 0, 0, [—2, 3, 1,0, 0, 0] 
(0, 3, 1, 0, 0, 0) 
[—2, 1, 1,0, 0, 0] 
[0] 
1, 1, 0, 0, 0] 
[0] 
[2, -1, 0, 0, 0, 0] 
[—5, 3, 1,0, 0, 0] = 
[—3, 2, 1,0, 0, 0} 
0, 1, —2] [—2, 1, 1, 0,0, 0] 
a 
0,0, 1, 0,0) 
(0, 1, 1, 0, 0, 0] 
[0, 0, 1, 0, 0, 0] 
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TaBLe I.—Continued. 


Name 


m, t) 


m, t, T, Q, (i,t, P, T.Q, F) 


Power per 


unit volume 


Thermal 


conductivity 


Thermitivity 
(spec. ht.) 

Diffusivity 

Thalpance 


(“‘emissivity’’) 


Coefficient of 
linear 
expansion 


Thermoelectric 


coefficient 
Temp. coeff- 

cient of 

resistance 


Electrostatics 


Charge 


Charge per unit 


length 


Charge per unit 


area 


Charge per unit 


volume 
Electric field 
strength 
Electric 
potential 
(and pot. 
difference) 
Electric flux 
density 
Electric flux 
Permittivity 
Capacitance 


Electric Current 


Current 


Current density 


Resistivity 
Resistance 


Magnetism 


Magnetic flux 
density 

Magnetic flux 

Magnetic field 
strength 


(-1,1, -3] [-1,1,-3] [-1,1, —3, 0, 0,0] 


(-1,1, -1] (+2, +1, —3] [1, 1, —3, —1,0, 0] 


fo} (3,0, —2] 
[2,0,-1] [2,0, -1] 


(-—2,1, —1] [1,1, —3] 


C-2,0,2] [+1,0,0] 


4, 1} 3, 


(-2,0,2] [+1,0,0] 


(3, C4, 4, 0) 

(4.4,-1] 
-1] 4,0] 
-1] 4,9] 
C-3,4, -1] (4, 3, -2] 
(4% —-1] (3,4, -2] 


4, -1) 3, 0) 


0,07 0, 2] 


a e 


Ci, C4, 3, 


3, —2) i, 


[0, 0, 1] (2,0, —1] 
[-1,0,1] [1,0, —1] 


e 


C-3, 3, 0) 4, 


(4, 3, 0) Ct, 3, 


(4, 3, (~§ 3, ~1) 


[—3, 0, 1,0, 0, 


(—1,0, 1, —1, 0, 


[2, —2, 0, —1, 0, 03 
(2, —1, 0, 0, 0, 0) 


(2,0, —2, —1,0, 0] 
(2, 0, —1, 0, 0, 07 


(0,1, —3, —1,0,0] [—2,0,1, —1,0, 0] 


[0, 0, 0, 0, 0) [0, 0, 0, 0, 0] 


(2,1, —2, —1, —1,0] (0, 1,1, —1, —1, 0] 


[0, 0,0, —1, 0, 0] [0, 0, 0, —1, 0, 0] 


[0, 0, 0, 0, 1, 0] [0, 0, 0, 0, 1, 0] 


[—1, 0, 0, 0, 1, 0] [~-1, 0, 0, 0, 1, 0] 


[-2, 0, 0, 0, ae 0] C-2, 0, 0, 0, 1,0] 


[—3, 0, 0, 0, 1,0] [—3, 0, 0, 0, 1,0] 


(1, 1, —2,0, —1,0}] [—1, 1, 1,0, —1,0] 


(2,1, —2,0,—1,0] ([0,1,1,0, —1,0] 


[—2, 0, 0, 0, 1, 0] 
(0, 0, 0, 0, 1,0] 
(—1, —1, —1,0, 2,0) 
(0, —1, —1, 0, 2,0] 


(0, 1, —1,0, —1,0] 


{—2, 2, 1,0, —1,0] 
[2,1, —1,0, —1,0] [0,2,1,0, —1,0] 


C-1,0, +150, 1,0) 0,0, 1,0] 
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’ ,0 [0, 0, 0, 0, 1,0] 

 [-2,0,2] —1,2,0,2,0) 

—1, 2, 0, 2,0) 

[0,0, -1,0,1,0] —1,0,0, 1,0] 
0, —1,0, 1,0] C-2, —1, 0, 0, 1,0] 

(3,1, —1,0, —2,0] [1, 2, 1,0, —2, 0] 
(2,1, —1,0, —2,0] [0, —2,0] 


Fel 
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TABLE I.—Continued. 


Name m, {l, m, t, T, Q, (t,t, P. T,Q, 
Permeability [—2, 0, 2] [0] [1, 1, 0,0, —2, 0] [-1, 3,1,0, —2,0] 
Magnetomotive 

force [44-1] [0,0,-1,0,1,0] —1,0,0,1,0] 
Vector potential [—4, 3,0] [4, 4, -1] (1,1, —1,0,-—-1,0] [-1,2,1,0, —1,0] 
Inductance {-1,0,2] [1,0,0] 1,0,0, —2,0] [0, 3,1, 0, —2, 0] 
Poynting vector [0,1, —3] [0,1, —3] (0, 1, —3, 0, 0, 0] [—2, 0, 1, 0, 0, 0] 


Radiometry 
Radiant pharos 
(radiant 
. power) (2,1, —3] [2, 1, —3, 0, 0, 07] LO, 0, 1, 0, 0, 07 
9 Radiant 
pharosage (0,1, —3] [0, 1, —3, 0, 0, 0] [—2, 0, 1, 0, 0, 07 
Radiant 
pharosum [-1,1, -—3] {-—1,1, —3,0,0,0] 1, 0, 0,0] 
Radiant phos 
(energy) ‘ (2,1, —2] [2,1, —2, 0, 0, 0] [0, 1, 1, 0, 0, OF 
Radiant 
phosage [0, 1, —2] (0,1, —2,0,0,0]  [—2,1,1,0,0,0] 
Radiant phosum [—1,1, —2] [-1,1, —2,0,0,0] [-—3, 1, 1,0, 0,0] 
Radiant helios [0, 1, —3] (0,1, —3,0,0,0]  [—2,0,1,0, 0,0] 
Radiant 
heliosent fit wii [—1, +1, —3, 0, 0, 0] [—3, 0, 1, 0, 0,0] 
Phengosage C-1,1, —3] [—3, 0, 1, 0, 0, 


Photometry 


Luminous 


pharos 
(luminous 
flux) 4. [0, 0, 0, 0, 0, [0, 0, 0, 0, 0, 1] 
Luminous 
pharosage [0, 1, —3] [ —2, 0, 0, 0, 0, 1] [—2, 0, 0, 0, 0, 1] ; 
Luminous 
pharosum [-1,1, —3] [ —3, 0, 0, 0, 0, 1) [—3, 0, 0, 0, 0, 1] 
Luminous phos 
(“light”) 2, [0, 0, 1, 0, 0, 1) [0, 1, 0, 0, 0, 1] 
Luminous 
phosage (0,1, —2] —2, 0, 1,0, 0, 1] {—2, 1,0, 0, 0,1] 
Luminous 
phosum [-1,1, —2] [—3, 0, 1, 0, 0, 1] [—3, 1, 0, 0, 0, 1] 
Luminous 
helios (0,1, —3] [—2, 0, 0, 0, 0, 1] [—2, 0, 0, 0, 0, 1) 
Luminous 
heliosent {-1,1, -—3] [—3, 0, 0, 0, 0, 1] [—3, 0, 0, 0, 0, 1] 
Lamprosity 
(“visibility”’) {0} [-—2, —1,3,0,0,1] [0,0, —1,0,0, 1] 


«On the assumption that {R} has base vector [0, 1,0] in pU = RT. 

+ On the assumption that c is an idonic scalar in {A}{7} = c. 

¢ “Electrostatic” system. 

4 “Electrostatic” system. Assumption that €0 is an idonic scalar. 

«“Electromagnetic’’ system. Assumption that uo is an idonic scalar. 

4 Assuming that lamprosity (‘‘visibility’’) is an idonic scalar. The word endings have the following meanings: 
—ENT = per unit length, -AGE = per unit area, -UM = per unit volume. 


? 
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thermal conductivity. Still other assumptions are possible, leading to 
other sets of designation symbols. 

In electromagnetism, conditions are even worse than in heat. The 
classical arrangement employs ‘‘electrostatic’’ and ‘‘electromagnetic”’ 
systems, and the same concept has different designation symbols in each 
system. The ‘electrostatic’ system is based on the arbitrary assump- 
tion that the permittivity of free space is an idonic scalar. The ‘‘electro- 
magnetic’’ system, on the other hand, employs the hypothesis that the 
permeability of free space is an idonic scalar. 

Evidently, both these systems are arbitrary. In adding electro- 
magnetic theory to mechanics, one must either make an arbitrary as- 
sumption about the “dimensionality” of a constant or select a fourth 
primary concept. The old idea that mechanics dominates all science 
shows itself in the choice of the former alternative, while the more 
modern approach consists in the selection of a new primary concept 
such as an electric charge. 

As shown in Table II, the classical “ checereeiindie? system does not 
distinguish idonically between capacitance and length, or between resis- 
tivity and time, though no one believes these concepts to be anything 
but distinct. In the ‘‘electromagnetic’’ system, one finds such peculi- 
arities as inductance and length with the same base vector. Another 
strange property is that in the ‘‘electrostatic’’ system one can dis- 
tinguish idonically between B and H but not between D and E£, while 
the converse is true in the “‘electromagnetic’’ system. 

In the radiometric and photometric branches of physics, one finds 
ambiguities. Ordinarily the /amprosity (relative ‘‘ visibility” of radiant 
energy) is assumed to be an idonic scalar, which gives to the photometric 
concepts the same designation symbols as those assigned to the corre- 
sponding radiometric concepts. Table II indicates also that heliosent 
and phengosage are idonically the same, though the"concents are com- 
pletely different. Additional confusion is caused by ine fact that 
pharosage, helios, and the Poynting vector are ‘“‘dimensionally”’ indis- 
tinguishable, all having the base vector [0, 1, —3]. Table II is based 
on the modern treatment of photometrics which abandons the anti- 
quated concept of intensity (candlepower). If that concept is retained, 
there is an additional confusion between /uminous pharos (expressed in 
lumens) and luminous intensity (expressed in candles), and there is a 
similar confusion between the analogous radiometric concepts. 


4. ADDITIONAL PRIMARY CONCEPTS 


In the preceding section, /, m, t were considered as primary concepts. 
A more satisfactory system is obtained by introducing an additional 
primary concept for each branch of physics beyond mechanics. To 
eliminate the ambiguities in the subject of heat, we introduce tempera- 
ture T as a primary concept. Charge Q as a primary concept helps to 
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TABLE II.—A mbiguities, lmt System. 


Bet. 


Concepts* 
Mechanics 
Energy, torque [2,1, —2] 
Momentum, impulse (1, 1, —1] 
Pressure, normal stress, shear stress, elastic moduli (-1,1, —2] 
Stiffness, surface tension (0,1, —2] 
Frequency, angular velocity (0, 0, —1] 
Heat (a) 
Entropy, mass (0, 1, 07 
Temperature, velocity squared (2,0, —2] 
Thermal conductivity, viscosity (-1,1, 
Diffusivity, velocity potential (2,0, —1] 
Thermitivity, permittivity (d), lamprosity, angle, solid angle, efficiency, 
normal strain, shear strain, permeability (e) [0, 0, 0] 
Heat (b) 
Temperature, reciprocal length 0,0] 
Diffusivity, velocity potential (2,0, —1] 
Coefficient of linear expansion, coefficient of resistance, length (1, 0, 0] 
Thermal conductivity, thermal power (2,1, —3] 
Electromagnetism (d) 
Charge, electric flux (3, 4, —1] 
Charge per unit length, electric potential (4, 4, -1) 
Charge per unit area, electric field strength, electric flux density C-4, 4, -1] 
Capacitance, length (1, 0, 
Resistivity, time [0, 0, 1] 
Current, mmf. 4, —1] 
Inductance, reciprocal acceleration [-—1, 0, 2] 
Permeability, reciprocal temperature (a) [—2, 0, 2] 
Resistance, reciprocal velocity [-1, 0,1] 
Magnetism (e) 
Inductance, length (1, 0, 0) 
Resistivity, diffusivity, velocity potential (2,0, —1] 
Resistance, velocity (1,0, —1] 
Charge, electric flux (4, 4, 0] 
Charge per unit area, electric flux density C—#, 4, 0] 
Magnetic flux density, mag. field strength C-4, 4, -1] 
Current, mmf., vector potential C3, 4, —1) 
Capacitance, reciprocal acceleration C—1, 0, 2] 
Magnetic flux, thermoelectric coefficient 4, —1] 
Radiometry and Photometry 
Radiant pharos, luminous pharos, thermal conductivity (5) (2,1, —3] 
Radiant pharosage, radiant helios, luminous pharosage, luminous helios, 

Poynting vector (0, 1, —3] 
Radiant phos, luminous phos, torque (2,1, —2] 
Radiant phosum, luminous phosum, pressure [-1,1, —2] 
Radiant phosage, luminous phosage, surface tension [0,1, —2] 
Radiant heliosent, radiant pharosum, luminous heliosent, luminous 

pharosum, phengosage (+4, 1, 


* Italic letters in parentheses refer to the footnotes to Table I. 
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eliminate ambiguity in electricity and magnetism, while the treatment 
of luminous pharos F as a basic quantity makes possible idonic dis- 
crimination between radiometric and photometric concepts. 

Table III indicates the discrepancies that remain in the /mtTQF 


TABLE III.—A mbiguities, lmtTQF and ltPTQF System. 


Designation Symbols 
ImtTQF 


Concepts 


Mechanics 


Energy, torque ' [2, 1, —2, 0, 0, 0] [0, 1, 1, 0, 0, 07 
Momentum, impulse [1, 1, —1, 0, 0, 07 [—1, 2, 1, 0, 0, 07 ; 
Normal stress, shear stress, Young’s modulus, ; 
shear modulus, bulk modulus, pressure C—1,1, —2,0,0,0] [-—3, 1, 1,0, 0, 0] g 
Angle, solid angle, efficiency, shear strain, normal : 
strain [0] [0] : 
Stiffness, surface tension (0, 1, —2, 0, 0, [—2, 1, 1, 0,0, 0] 
Frequency, angular velocity (0,0, —1, 0, 0, 0] (0, —1, 0, 0, 0, 07 | 
Heat 
Diffusivity, velocity potential [2, 0, —1, 0, 0, 07 [2, —1, 0, 0, 0, 07 F 
Coefficient of linear expansion, temperature coeffi- f 
cient of resistance [0,0,0,—-1,0,0]  [0,0,0, —1, 0,0] 
Electromagnetism } 
Charge, electric flux [0, 0, 0, 0, 1, 0] [0, 0, 0, 0, 1, 07 H 
Charge per unit area, electric flux density [—2, 0, 0, 0, 1,0] [—2, 0, 0, 0, 1,0] i 
Current, mmf. 1,0, 1,0] 1,0, 0, 1,0] 


Radiometry and Photometry 


Radiant pharosage, radiant helios, Poynting 

vector (0, 1, —3, 0, 0, 0 [—2, 0, 1, 0, 0, 07 
Radiant heliosent, radiant pharosum, phengosage [—1, 1, —3,0,0,0] [-—3,0, 1,0, 0,0] 
Luminous pharosage, luminous helios [—2, 0, 0, 0, 0, 1] [—2, 0, 0, 0, 0, 1] : 
Luminous heliosent, luminous pharosum [—3, 0, 0, 0, 0, 1) [—3, 0, 0, 0, 0, 1] i 


system. The ambiguities in heat have been almost eliminated by the 
introduction of T as a basic quantity. But discrepancies still remain in 
mechanics, electromagnetism, radiometry, and photometry. 

There is also the possibility of replacing /, m, or ¢ by other concepts 
considered as primary. An example is included in Table I, where power 
P is employed as a basic quantity instead of mass. In mechanics, this 
choice has no particular advantage, some of the idonic equations being 
more complicated and others being simpler than in the 7mtTQF system. 
In heat, there is a slight advantage in the /4PTQF system; but the 
principal value occurs in radiometry, where the use of P emphasizes the 
parallelism between the radiometric and photometric concepts. As 
shown'in Table III, the discrepancies are exactly the same whether P 
or m is used as a primary concept. 
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5. DIRECTED LENGTHS 


Tables I to III show that the ambiguities in the /mt system can be 
greatly reduced by adding a new primary concept for each branch of 
physics beyond mechanics. But ambiguities still remain, even in 
mechanics. They occur when the concept requires the measurement 
of length in specific directions. In the concept of energy (“‘work’’), for 
instance, length is measured in the direction of the force; while with 
torque, length is measured in a direction perpendicular to the force. 
This is the characteristic that distinguishes the two concepts, and it is a 
characteristic that is ignored by the systems of Table I. Consider now 
the possibility of distinguishing between distances in different directions. 

This subject was studied by Williams (7) in 1892. In place of 1, he 
used three fundamental lengths X, Y, Z. A set of orthogonal axes is 
set up for each problem and is oriented arbitrarily. The same unit of 
length is usually employed for X, Y, and Z, but the three concepts are 
considered as distinct. In this way, energy has the designation symbol 
X?*mt~ while torque is X Ymt~*, normal stress is X Y1Z—'mt~ while shear 
stress is Z~'mt~*, angle is X~'Y and solid angle is X-*YZ. Thus am- 
biguities are eliminated (8). 

In some cases the additional discriminatory ability offered by the 
Williams system is an embarrassment rather than a help. In specifying 
length, for instance, one often has no need of designating a particular 
direction. Williams is forced to write ‘““X or Y or Z” as designation 
symbol for length. Similarly, area is specified as YZ or XZ or XY, 
energy is X2mt~*, Y°mt~, or Z°mt~*, with similar lack of simplicity for 
other concepts. 

It seems that three fundamental lengths are unnecessary in idonic 
specification. Accordingly, we have retained only two (9), which we 
have called /, and /,. Furthermore, to obtain maximum simplicity, we 
have formulated a set of rules that specify whether a given length is to 
be called /, or /;. These rules are as follows: 


(1) If a single direction is considered, call it /,. 

(2) If there is an area, then distances measured in the plane that is 
tangent to the area are called /,, and distance perpendicular to /, is 
called /,. 

(3) If there is an axis or a center, radial distance is called J, and 
distance perpendicular to /, is called /;. 


Of course these rules are arbitrary and may be replaced by any rules 
that the user prefers. Unless a definite convention of some kind is 
employed, however, it will be impossible to obtain a simple idonic 
designation of physical concepts. Table IV lists designation symbols 
on the basis of the foregoing rules. In most cases the idonic representa- 
tion results from a routine application of the above ideas, though some- 
times a little care must be exercised. 
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TABLE IV.—Designation Symbols for Physical Concepts. 
(Scalar formulation, /, and |, taken as basic lengths.) 


Base Vector 
Name Defining Equation Idonic Formula lt, m, t, T, , Q, F] 


Geometry 
Distance 5 i [1, 0, 0, 0, 0, 0, 0, 07 
Area Azs? 1? (0, 2, 0, 0, 0, 0, 0, 0) 
Volume U = As, 2 (1,280 
Angle 0 = S¢/Se Ld, [—1, 1, 0, 0, 0, 0, 0, 07 
Solid angle [—2, 2, 0, 0, 0, 0, 0, 07 


Kinematics 


Time t t [0, 0, 0, 1, 0, 0, 0, 07 
Velocity v = ds/dt Lt! [{1, 0,0, —1, 0, 0, 0, 0) é 
Acceleration a = dv/dt i [1, 0, 0, —2, 0, 0, 0, 07 : 
Angular velocity w = do/dt 1,0, —1, 0, 0, 0, 0] 
Angular acceleration a = dw/dt {—1, 1,0, —2, 0, 0, 0,0] 
Frequency = 1/t to} [0, 0, 0, —1, 0, 0, 0, 0) H 
Dynamics i 
Force F = ma l-mt~2* [1, 0, 1, —2, 0, 0, 0, 07 i 
Momentum mv [{1, 0, 1, —1, 0, 0, 0, 0) 
Impulse S Fat [1, 0,1, —1, 0, 0, 0, 0] : 
Torque T = Fr Ll (4,1, i 
Energy U = Sf Fads 12mt-2** [2, 0,1, —2, 0, 0, 0, 0] 
Power P = dU/dt 1,2mt-3** [2, 0, 1, —3, 0, 0, 0, 0] : 
Mass m m [0, 0, 1, 0, 0, 0, 0, 0} : 
Moment of inertia J = mr 12m [2, 0, 1, 0, 0, 0, 0, 07 5 
Dissipation coefficient B= F/v (0, 0, 1, —1, 0, 0, 0, 0] 
Stiffness K = F/s mt-* [0, 0, 1, —2, 0, 0, 0, 07 : 
Efficiency n= P./P; 1 [0] 
Elasticity 
Stress, normal [1, —2, 1, —2, 0, 0, 0, 0] 
shear T, = F,/A (0, —1, 0, —2, 0, 0, 0,0] 
Strain, normal S, = As/s 1 0] ; 
shear Sa = [—-1, 1, 0, 0, 0, 0, 0, 07 
Elastic moduli —2, 1, —2, 0, 0, 0, 0) 
Hydrodynamics 
Pressure p= F,/A Lly*mt-2 (1, —2, 1, —2, 0, 0, 0, 0 
Velocity potential ¢ = Sods 0,0, —1, 0, 0, 0, 0] 
Density 56 = m/V {—1, —2, 1,0, 0,0, 0,0] 
Viscosity n= Ll —2, 1, —1, 0, 0, 0, 07 
Surface tension L = F,/se —1, 1, —2, 0, 0, 0, 0) 


Heat 


Temperature r F [0, 0, 0, 0, 1, 0, 0, 07 
Thermal energy (heat) U L,2mt~? (2, 0, 1, —2, 0, 0, 0, 0 
Thermal power Mg (2, 0, 1, —3, 0, 0, 0, 0 


* Or Iumt~2, depending on direction of force. 
** Or 12mt~? and l2mt~3, depending on direction of force. 
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TABLE IV.—Continued. 


(J. F. 1. 


Defining Equation 


Idonic Formula 


Base Vector 
Ue, m, t, T, QO, F) 


Entropy 


Power per unit volume 


Thermal conductivity 


Thermitivity (sp. heat) 
Diffusivity 
Thalpance (“emissivity’’) 


Coefficient of linear ex- 
pansion 

Thermoelectric coefficient 

Temperature coefficient of 
resistance 


Electrostatics 
Charge 
Charge per unit length 
Charge per unit area 
Charge per unit volume 
Electric field strength 
Electric potential (and 
potential difference) 
Electric flux density 
Electric flux 
Permittivity 
Capacitance 


Electric Current 
Current 
Current density 
Resistivity 
Resistance 


Magnetism 
Magnetic flux density 
Magnetic flux 
Magnetic field strength 
Permeability 
Magnetomotive force 
Inductance 
Poynting vector 


Radiometry 
Radiant pharos (radiant 
power) 
Radiant pharosage 
Radiant pharosum 
Radiant phos (energy) 


fF 


p= P/V 


a = AR/(RAT) 


Q 

A= Q/s: 
p= Q/V 
E = F/Q 


V = SfEds 
D = Q/Art 
= 
e= D/E 
C=Q/V 


I = dQ/dt 
J =dI/dA 


emt 


T-1 


Q 

Qh 
1 r? 


lémtQ> 
(0) 


Q 


Qr 


l 


—2, ~1,0, 0, 0] 
—3, 0, 0, 0, 0] 


[2, 0, 1, 
(1, 


[3, —2, 1, —3, —{, 0, 0, 0] 


[2, 0,0, —2, —1, 0, 0,0] 
ES 0, 0, —1, 0, 0, 0, 0) 
(2, —2, —3, — 1,0, 0, 0) 


[0, 0, 0, 0, —1, 0, 0, 0) 
[0, —2, —1, 0, —1,0] 


[0, 0, 0, 0, =~, 0, 0, 0] 


[0, —1, 0, 0,0 


[0, 0,0, —1, 0, 0, 1, 07 

[-1, —1,0, 0,0, 1,0] 
[1, 2,1, —1, 0, 0, —2, 0] 
[0, 2,1, —1, 0,0, —2, 0] 
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Ps, 
m AT 
h? = 
= = AV/AT 
[0, 0, 0, 0, 0, 0, 1, 07 : 
,0, 1,0] 
0, 0, 1, 0) 
(0, 1, 1, —2, 0,0, 1, 0] : 
(0, 2, 1, —2, 0, 0, 1,0] 
[—1, —1, 0, 0,0, 0, 1,0] 
(0, 0, 0, 0, 0, 0, 1, 0J 
[-1, —2, 1, 2, 0,0, 2,0] 
| [0, —2, i, 2, 0, 0, 2; 0) ' 
R = E/J : 
— R=V/I 
B= F,/ Tt [0, 0, 1, =i, 0, 0, 0) 
= fBda [0, 2,1, —1, 0,0, —1,0] & 
H = NI/l, [-1, 0,0, —1, 0,0, 1,0] Be 
= B/H [1, 0, 1, 0, 0,0, —2, 07 
= NI [0, 0,0, —1, 0, 0, 1, 0] 
L = No/I (0, 2, 1, 0, 0,0, —2, 0] i 
D,=EXH [—1, 1,1, —3, 0, 0, 0, 0] 
F, = P [2, 0, 1, —3, 0, 0, 0, 07 
D, = F,/A 121;-?mt-3 (2, —2, 1, —3, 0, 0, 0, 0] 
be = F,/U [1, —2, 1, —3, 0, 0, 0, 07 Be 
Q,= U 1,2mt-2 [2, 0, 1, —2, 0, 0, 0, 0] 
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TaBLe [V.—Continued. 


Base Vector 
Name Defining Equation Idonic Formula [l», lt, m, t, T, %, Q, F] 


Radiant phosage 1,21;-%mt* (2, —2, 1, —2, 0, 0, 0, 07 
Radiant phosum ) (1, —2, 1, —2, 0, 0, 0, 9) 


Radiant helios 1,4l;~4mt-8 [4, —4, 1, —3, 0, 0, 0,0] 


Radiant heliosent 1,31,-4mt-8 [3, —4, 1, —3, 0, 0, 0, 0] 
Phengosage 2, —3,0, —1,0,0] 


Photometry 

Luminous pharos (lumi- 

nous flux) F 
Luminous pharosage Fl, 
Luminous pharosum 
Luminous phos (“‘light’’) Ft 
Luminous phosage Fu, 
Luminous phosum Fu,“ 


Luminous helios Fl,21,-4 


Luminous heliosent Fl,l 
Lamprosity (‘‘visibility’) g = D:/D, 


For example, force is generally considered to be in the /,-direction in 
accordance with Rule 1, the idonic formula being written /,mt~*. But 
if the force acts about an axis, it must be /mt~® in accordance with 
Rule 3. Thus torque is expressed idonically as /,/,mt~, while energy or 
“work”’ is /,,mt~*. A similar distinction is made between normal stress 
and shear stress. Normal stress is taken in the /,-direction in accordance 
with Rules 1 and 2, but a shear force is tangent to an area and is there- 
fore called /,mt~* by Rule 2. 

The most troublesome part of classical physics is electromagnetism, 
where the involved spacial relationships require thoughtful consideration 
if a consistent idonic specification is to be obtained. If electrostatics 
only is under consideration, the E-vector may be taken in the /,-direction 
(Rule 1). But if all of electromagnetism is to form a consistent whole, 
the scheme of Fig. 2 seem preferable. Here the B-vector is taken in the 
1,-direction, which gives /,? as the area needed in obtaining total magnetic 
flux. Then E and J are along one /,-axis, while the force F on a current- 
carrying conductor is along the other /,-axis. This arbitrary arrange- 
ment gives the particular designation symbols given in Table IV for 
electromagnetism. Needless to say, the principle of idonic relativity 
allows many other specifications of equal validity. 

As an indication that the designation symbols apply to other equations beside 


the particular ones employed in defining the concepts, we consider three other equa- 
tions of electromagnetism. The first equation is concerned with energy stored in an 


electric field: 
u = (6) 


[0, 0, 0, 0, 0, 0, 0, 1] , 
[0, —2, 0, 0, 0, 0, 0, 1] ; ie 
—2, 0, 0, 0, 0, 0, 1] 
[0, 0, 0, 1, 0, 0, 0, 1] ‘ me. 
[0, —2, 0, 0, 0, 0, 1] 
(-1, 0, 170, 0, 0, 
[2, —4, 0, 0, 0, 0, 0, 1] 
[0, —2, —1, 3, 0, 0, 0, 1] 
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The energy per unit volume u is related to the force in the E-direction (/,-direction) 
and is therefore 


ml 
Ld? 
Now consider the right side of Eq. 6. From Table IV, 
(LU 20%) 20) = 
Thus the designation symbols of Table IV satisfy Eq. (6). 
As a second illustration, take the equation 
eu = I/c? (7) 


containing the velocity c of an electromagnetic wave. Since the wave is propagated 
in the /,-direction (Fig. 2), 


= 


2 


= 1,-*t?. 


B,H 


r 


Fic. 2. Direction vectors for electromagnetic vectors. 


The left side of Eq. 2 gives 
The third example deals with the Poynting vector S: 

S =E x H. (8) 


Since S is the power per unit area propagated horizontally (Fig. 2) in the /;-direction, 
its idonic specification is 


ml 3 


Tele 


= 1, 
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For the right side of Eq. 8, we have 
(Limt?Q7) = 


which again checks. 


TABLE V.—-A mbiguities in Designations of Table IV. 
(l, and I, taken as basic lengths.) 


Base Vector 


Concepts 


le, m, t, T, QO. 


Momentum, impulse 

Angle, shear strain 

Normal stress, pressure, elastic moduli, radiant phosum 

Coefficient of linear expansion, temperature coefficient of | 
resistance 

Velocity potential, diffusivity 

Charge, electric flux 

Current, mmf. 


TABLE VI.—Kinematics. 


Concept Symbol 


Base Vector 
[lr, le, 


Distance 
Area A 
Volume 
Angle 0 
Solid angle 2 
Time 

Velocity 

Acceleration 

Angular velocity 

Angular acceleration 

Frequency 


(1, 0, 0) 

2, 0] 

(i, 2, 0) 
(—1, 1, 
(—2, 2, 0) 
(0, 0, 1] 
(1,0, —1] 
(1, 0, —2] 
{-1,1, -—1] 
1, —2) 
(0, 0, —1] 


TaBLE VII.—Dynamics. 


Concept Symbol 


Base Vector 
bt, m, 


Force F 
Momentum mv 
Impulse S Fat 
Torque q, 
Energy U 
Power 

Mass 

Moment of inertia 

Dissipation coefficient 

Stiffness 

Efficiency 


(1,0, 1, —2] 
(1, 0,1, —1] 
(1, 0, 1, 
1,1, —2] 
(2, 0, 1, 
(2, 0,1, —3] 
[0, 0, 1, 0] 

(2, 0, 1, 07 

[0, 0, 1, —1] 
(0, 0,1, —2] 

[0] 
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[1, 0, 1, —1, 0, 0, 0, 07 * 

[-1, 1, 0, 0, 0, 0, 0, 0] 

{1, —2, 1, —2, 0, 0, 0, 07 - 

(0, 0, 0, 0, +d; 0, 0, 0] i a 

[2, 0,0, —1, 0, 0, 0, 0) 

[0, 0, 0, 0, 0, 0, 1, 07 

[0, 0,0, —1, 0, 0, 1, 0] | : 


512 Parry Moon anp Domina EBERLE SPENCER [J. F. 1. 


That /, and J, provide a good system (9) for designating the concepts 
of physics is shown by Table V. Most of the ambiguities of the other 
systems (Tables II and III) have been eliminated by the use of two 
length concepts. Most of the remaining duplications are evidently 
redundancies in the formulation of physical concepts rather than errors 
in the idonic method. For example, shear strain is actually an angle, 
and this fact is evidenced by the identity of designation symbols for the 
two concepts. Similarly, there is no way to distinguish idonically be- 
tween electric charge and electric flux or between current and magneto- 
motive force. On the other hand, there are a few cases, such as pressure 
and radiant energy per unit volume or velocity potential and diffusivity, 
where the concepts are physically distinct but the designation symbols 
are identical. One may regard these few cases as defects of the /,J,- 
system, though it is doubtful if they could cause any inconvenience. 

Tables I and IV indicate that the designation symbols are somewhat 
cumbersome when based on the primary concepts needed for all of 


TABLE VIII.—Heat. 


Base Vector 

Concept Symbol (le, le, t, T, P| 
Temperature r » (0,0, 0, 1,0] 
Thermal energy (heat) U (0, 0, 1, 0, 1] 
Thermal power r [0, 0, 0, 0, 1) 
Entropy (0, 0,1, —1, 1] 
Power per unit volume p [—1, —2, 0,0, 1] 
Thermal conductivity k {1, —2,0, —1,1] 
Thermitivity (2,0, —2, —1,0] 
Diffusivity h? [2, 0, —1, 0, 0) 
Thalpance a (0, —2,0, —1,1] 
Coefficient of linear expansion a (0, 0,0, —1,0] 


physics. It should be realized, however, that in any given problem the 
complete set of concepts is ordinarily not required. In kinematics, 
for instance, only /,, /,, and ¢ are required and idon space is three- 
dimensional. The designation symbols are listed in Table VI. For 
dynamics, an additional primary concept (such as mass) is introduced; 
but the base vectors are still fairly simple, as shown in Table VII. 
When a problem deals exclusively with heat, there is no need of 
expressing the designation symbols in terms of mechanical quantities. 
As shown by Table VIII, the base vectors are expressed very simply in 
terms of /,, /,, t, T, and P. Table IX lists the concepts of electromag- 
netism, expressed in terms of /,, J,, t, J, and P.. For electromagnetic 
problems, this set of primary concepts is often found to be most con- 
venient, though other sets (such as /,, ],, t, Q, U) are also good. In 
radiometry, the use of P rather than m as a primary concept exhibits 
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Concept Symbol 


Base Vector 
le, t, I, PJ 


Electrostatics 


Charge 

Charge per unit length 
Charge per unit area 
Charge per unit volume 
Electric field strength 
Electric potential 
Electric flux density 
Permittivity 
Capacitance 


8 


Electric Current 


Current 
Current density 
Resistivity 
Resistance 


Magnetism 

Magnetic flux density 
Magnetic flux 
Magnetic field strength 
Permeability 

Mnf. 

Inductance 

Poynting vector 


AF 


Sh 


(0, 0, 1, 1, 0] 

[0, 1, 1, 0) 
(0, —2, 1, 1, 0] 
—2, 1, 1,0] 
(0, —1,0, —1, 1] 
(0, 0,0, —1, 1] 
—1,1, 1, 0] 
0, 1,2, —1] 
(0, 0, 1,2, —1] 


[0, 0, 0, 1, 07 
(—1, —1, 0, 1, 0] 
(1, 0,0, —2, 1] 
[0, 0,0, —2, 1] 


(0, —2,1, —1,1] 
(0, 0,1, —1, 1] 
C—1, 0, 0, 1,0] 
(1, 1, 1) 
[0, 0, 0, 1, 0] 

[0, 0, 1, —2, 1) 
[-1, —1, 0, 0, 1] 


TABLE X.—Radiometry and Photometry. 


Concept Symbol 


Base Vector 


Radiometry 


Radiant pharos (radiant power) 
Radiant pharosage 

Radiant pharosum 

Radiant phos (radiant energy) 
Radiant phosage 

Radiant phosum 

Radiant helios 

Radiant heliosent 

Phengosage 


Photometry 

Luminous pharos (luminous flux) 
Luminous pharosage 

Luminous pharosum 

Luminous phos (“‘light’’) 
Luminous phosage 

Luminous phosum 

Luminous helios 

Luminous heliosent 

Lamprosity (‘‘visibility’’) 


= 
F, (0, 0, 0, 0, 4, 07] 
D, [0, —2, 0, 0, 1, 0] = 
br [-1, —2, 0, 0, 0) 
[0, 0, 1, 0, 1, 0] 
W, [0, —2, 1,0, 1, 0] 
Ur [—1, —2, 1,0, 1, 0] 
H, [2, —4, 0, 0, 1, 0] 2 
Gr —4, 0, 0, 0) 
(0, —2,0, —1, 1, 0] 

F; (0, 0, 0, 1) 

Di (0, —2, 0, 1) 
pi —2, Mo, 0, 1) 
(0, 0, 1, 1) 

(0, —2, 1,8 0, 1] 
C—1, —2, MO, 0, 1) 
Mi (2, —4, 0, 0, 1) 
Gi (1, —4, 0, #0, 1] 
[0, 0, 0, 0, —1, 1] 
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the parallelism between the radiometric and photometric concepts 
(Table X). Tables VI to X are examples which show that designation 
symbols are not unduly complicated in the /,J;-system and suggest some 
of the variety that is allowable under the principle of idonic relativity. 


6. OTHER USES OF DESIGNATION SYMBOLS 


Undoubtedly the principal value of designation symbols (‘“‘dimen- 
sions’) is that they give a shorthand specification of concepts and show 
at a glance the relations among concepts. There are other uses, how- 
ever, five of which were listed previously (3). Change of units is easily 
effected in the /,/,-system by condensing the two /’s into one: 


L=1,=1 


and proceeding asin the /mtsystem. This is based on the usual assump- 
tion that the same unit of length is employed throughout. Note, how- 
ever, that the /,/,-system allows the calculation of change of units even 
when lengths are measured in different units in different directions 
(volumes in acre feet, for instance, or angles in degrees). Other uses of 
designation symbols are handled in the new system just as in the 
lmt-system. To demonstrate this fact, we give two illustrations. 

The first example deals with the idonic checking of equations. 
Physicists and engineers frequently substitute idonic expressions on 
both sides of an equation to determine if it is ‘“‘dimensionally” homo- 
geneous. Homogeneity is a necessary but not a sufficient condition for 
the validity of the equation. If such a check is obtained with /mt, there 
is still considerable chance that the assumed equation is wrong. When 
additional fundamental concepts are introduced into the idonic system, 
the margin of error is reduced, though the method never insures validity. 

Suppose that a physicist, accustomed to use Gaussian units and to ; 
omit €9 and yo, is trying to remember how to write the expression for 
the capacitance of a parallel-plate capacitor. He knows that C is 
directly proportional to the area A of the plates, inversely proportional 
to their separation /, and depends on the permittivity ¢ of the medium. 
How does ¢ enter the equation? From Table IX and Fig. 2, he obtains 
the following base bectors: 


Thus, 
[0, 0, 1, 2, —1] = [1, 1, 0, 0,0] — [0, 1, 0, 0,0] + 0, 1,2, —1]. 


Evidently, homogeneity is obtained with the + sign, so the equation 


| 
ae 
| 
fy 
' 
| 
‘ij 
4 
f 
For C, 0, 1, 2, -1] 
For A, [1, 1,0, 0, 0] 
| For J, [0, 1, 0, 0, 0] 
For f—1,0,1,2, —1]. 
‘ 
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must be 
C= “A (possible idonic scalar). (9) 


Try the same problem with the customary /mt system. From 
Table I, 
[1, 0,0] = [2, 0,0] — [1, 0, 0} + [0], 


which tells absolutely nothing about the position of ¢ in the capacitance 
equation. 

As a second illustration, consider the derivation of Child’s relation 
on the idonic basis. Assume two large parallel electrodes, one of which 
emits electrons. Evidently, the pertinent concepts are the current 
density J (equilibrium conditions), the potential difference V between 
electrodes, charge Q of an electron, mass m of an electron, distance / 
between electrodes, and permittivity «. The associated base vectors are 
obtained from Table IX, giving 


{J} = J[-1, —1,0, 1, 0] 
{V} = V[O,0,0, —1, 1] 
(Q} = QL0, 0, 1, 1,0] 
{m} = m[0, —2, 3,0, 1] 
{2} as ILO, 1, 0, 0, 07) 

fe} = e[ —1, 0,1, 2, —1]. 


Let 
{J} = 


where a, 8, y, 6, « are constants that are to be determined. Substitution 
of the foregoing idonic equations gives a = 3,8 = 3,y = — 3,6 = — 2, 
uw = 1. Thus the equation for current density limited by space charge 
must be 
Vi 

J = Const. VQ/m = (10) 
which is the usual form of Child’s equation. 

A less satisfactory result is obtained if a single fundamental length is 
employed instead of /, and /,. From Table I for base vectors [/, m, t, Q], 


{J} = J[—-2,0, —1, 1] 

{Q} = QL0, 0, 0, 1] 

{m} = m[0, 1, 0, 0] 
I[1, 0, 0, 07 


™ 


fe} = eL—3, —1, 2, 2]. 


Using the same process as before, one finds that the equation must have 


4 

3 
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the form, 
J Const. B F 0 (1 1) 


By proper choice of the unknown function F, we can again obtain 
Child’s equation. But there is nothing in this second solution to indi- 
cate the form of F, and thus the result is much less satisfastory than 
that obtained with /, and /;. 

7. A VECTOR SYSTEM 


The previous sections have shown that there is a distinct advantage 
in the use of two fundamental lengths /, and J; in place of the usual 
l-‘dimension.”” We now consider an alternative system in which the 
distinction between vectors and scalars is maintained in the idonic 
specification of physical concepts. It will be recalled that in the previ- 
ous systems, the vector or scalar nature of the physical quantities is 
ignored and vector and scalar products are considered to be identical. 
In some cases, however, the additional information, obtained by dis- 
criminating between vectors and scalars in physical space, may be 
helpful. 

The fundamental lengths /, and /,; are again employed, but with an 
additional length / which is used where direction is not significant. The 
three rules of Section 5 are retained and a fourth rule is added: 

(4) The defining equations of physics, used in determining the idonic 
specification, are written in vector form. The distinction between vec- 
tor and scalar products is maintained, in accordance with the following 


equations: 


Xl, = 1d 
=U, 
l, 


These product rules are like those of ordinary vector algebra. The only 
difference is that the distinction between positive and negative signs in 
vector products is dropped, and hence the vector product becomes 
commutative. 

Table XI lists the principal concepts of physics and their idonic 
specification in the vector system. Distance in general is considered as 
a vector, and (in accordance with Rule 1) it is in the /,-direction. In 
accordance with the usual convention of vector analysis, area is taken 
as a vector that is perpendicular to the element of surface under con- 
sideration. Volume may be defined as /,]-1,, which according to Rule 4 
is equal to the scalar quantity . Torque is 

= S, x F, 
so its designation symbol is 
x lymt~? = Ldmt~, 


which shows that torque is a vector quantity in the direction /,. 
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TABLE XI.—A Vectorial Derivation of Designation Symbols. 
(ly, 14, | taken as basic lengths.) 


Base Vector 
[lr, le, 1, m, t, 


Concept : Symbol Defining Equation Idonic Formula 
Geometry 
Distance s s l, [1, 0, 0, 0, 0, 0, 0, 0, 07 
Area A A-=w=xxXy Lyl [1, 0, 1, 0, 0, 0, 0, 0, 07 
Volume LU V=A>s B [0, 0, 3, 0, 0, 0, 0, 0, 07 
Angle 0 =|se]/|s-| [—1, 1, 0, 0, 0, 0, 0, 0, 07 
Solid angle Q Q=A/(r-r) 1,71 [1, 0, —1, 0, 0, 0, 0, 0, 07 
Kinematics 
Time t t t (0, 0, 0, 0, 1, 0, 0, 0, 07 
Velocity v v = ds/dt 1,t7) [1, 0, 0,0, —1, 0, 0, 0, 0] 
Acceleration a a= dv/dt Lt? [1, 0, 0, 0, —2, 0, 0, 0, 07 
Angular velocity wo 1, 0,0, —1, 0, 0, 0, 0) 
Angular acceleration @ |a| = |dw/dt| Udy? [—1, 1, 0,0, —2, 0, 0, 0, 0) 
Frequency cfm (0, 0, 0, 0, —1,0, 0, 0, 07 
Dynamics 
Force F F=~ma l-mt~?* [1, 0, 0, 1, —2, 0, 0, 0, 07 
Momentum mv l,-mt} [1, 0, 0, 1, —1, 0, 0, 0, 07 
Impulse JS Fdt [1, 0,0, 1, —1, 0, 0, 0, 0) 
Torque Ff, (0, 1, 1,1, —2, 0,0, 0, 0] 
Energy U Ux SF-ds Pmt? (0, 0, 2,1, —2, 0, 0, 0, 0] 
Power P P#dU/dt P2mt-3 (0, 0, 2,1, —3, 0, 0, 0, 07 
Mass m P m . [0, 0, 0, 1, 0, 0, 0, 0, 07 
Moment of inertia 9 J = fr-rdm 12m (0, 0, 2, 1, 0, 0, 0, 0, 0] 
Dissipation 
coefficient B F= By mt} (0, 0, 0, 1, —1, 0, 0, 0, 07 
Stiffness K F=Ks mt? [0, 0, 0, 1, —2, 0, 0, 0, 07 
Efficiency* » n= P./P; 1 [0] 
Elasticity 
Stress, normal Tax (0,0, —1, 1, —2, 0, 0, 0, 0] 
shear T. 1, —1, 1, —2, 0, 0, 0,07] 
Strain, normal Ss 1 [0] 
shear Se Se] = | Ase] /|sr| Ld, [—1, 1, 0, 0, 0, 0, 0, 0, 07} 
Elastic moduli c jcJ=|TI|/|S| mt? (0, 0, —1, 1, —2, 0, 0, 0, 07 
Hydrodynamics 
Pressure pH=|F|/|Arl (0, 0, —1, 1, —2, 0, 0, 0, 07 
Velocity potential g ¢= fv-ds Pt [0, 0, 2,0, —1, 0, 0, 0, 0} 
Density é 6 = m/V ml-3 (0, 0, —3, 1, 0, 0, 0, 0, 07 
Viscosity = nl Ave|/|se| (0, 0, —1, 1, —1, 0, 0, 0, 0) 
Surface tension L | Fe] = 2 sel {1, —1, 0,1, —2, 0, 0, 0, 0] 
Heat 
Temperature i Y i [0, 0, 0, 0, 0, 1, 0, 0, 07 
Thermal energy 
(heat) U ?-mt-2 [0, 0, 2,1, —2, 0, 0, 0, 07] 
Thermal power r Pmt [0, 0, 2,1, —3, 0, 0, 0, 07 
Entropy $= fadU/T [0, 0, 1,1, —2, —1, 0, 0, 0] 
Power per unit 
volume p p= P/V mt [0, 0, -1, 1, —3, 0, 0, 0, 0] 
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TABLE XI.—Continued. 


Base Vector 
li, m, t, 


Concept Symbol Defining Equation Idonic Formula 4, O, FI 
Thermal 
conductivity k RAAT = Ps, lmt-8J— (0, 0, 1,1, —3, —1, 0, 0, 0} 
Thermitivity 1 aU 
(sp. heat) c dul PT [0, 0, 2,0, —2, 1, 0, 0, 0) 
Disusivity [0, 0, 2,0, 1,0, 0, 0, 0] 
Thalpance 
(“emissivity’’) a ja|= [0, 0,0, 1, —3, —1, 0, 0,0] 
Coefficient of linear 
expansion a Al = alAT r [0, 0, 0, 0,0, —1, 0, 0, 07 
Thermoelectric 
coefficient AV = [0, 0, 2,1, —2, —1,0, —1, 0] 
Temperature coeff- 
cient of resistance a AR = aRAT i [0, 0, 0, 0,0, —1, 0, 0,07] 
Electrostatics 
Charge Q Q [0, 0, 0, 0, 0, 0, 0, 1, 07 
Charge per unit 
length d |A| = Q/|s-| Or (0, 0, —1, 0, 0, 0, 0, 1, 0} 
Charge per unit area o lol = Q/|A| Ql? (0, 0, —2, 0, 0, 0, 0, 1, 07 
Charge per unit 
volume p pP=0/U ors [0, 0, —3, 0, 0, 0, 0, 1, 07 
Electric field 
strength E E=F/0  [1, 0,0, 1, —2, 0,0, —1, 0} 
4 Electric potential 
(and potential 3 
difference) V V= SE-ds (0, 0, 2,1, —2, 0,0, —1, 0] 
| Electric flux density D Q= f/D-dA 1,J-3Q*** [1, 0, —3, 0, 0, 0, 0, 1, 07 
: Electric flux v w= SfD-dA Q [0, 0, 0, 0, 0, 0, 0, 1, 07 
Permittivity € D=c€E (0,0, —3, —1, 2, 0, 0, 2, 0] 
4 Capacitance C C=Q/V ?*m#@ [0,0, —2, —1, 2, 0,0, 2,0) 
1 Electric Current 
: Current I I = dQ/dt Qt (0, 0, 0,0, —1, 0, 0, 1, 0] 
q Current density J I= fJ-dA [1,0, —3,0, —1, 0, 0, 1,0] 
Resistivity R E= BmtQ-? [0, 0, 3,1, —1, 0,0, —2, 0] 
Resistance R Re=V/I 2mt3Q7 (0, 0, 2,1, —1, 0,0, —2, 0] 
Magnetism 
Magnetic flux 
density = I(s: X B) ~[1,0, —1, 1, —1, 0,0, —1, 0] 
Magnetic flux fB-dA (0, 0,1, 1, —1, 0, 0, 1, 07 
Magnetic field 
strength H I= SfH-ds [1, 0, —2, 0, —1, 0, 0, 1,0] 
Permeability B = [0, 0, 1, 1,0, 0,0, —2, 0] 
Mnf. NI Qt [0, 0, 0,0, —1, 0, 0, 1, 0] 
Vector potential A Be=curlA (0, +-1, 2,1, —1, 0,0, —1, 0] 
Inductance L L=N@/I (0, 0, 2, 1, 0, 0,0, —2, 0] 
Poynting vector D, X H; [1,0, —1, 1, —3, 0, 0, 0, 07 
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Concept 


Symbol 


Defining Equation 


Idonic Formula 


Base Vector 
le, m, t, T, , O, F) 


Radiometry 
Radiant pharos 
(radiant power) 
Radiant pharosage 
Radiant pharosum 
Radiant phos 
(energy) 
Radiant phosage 
Radiant phosum 


Radiant helios 


Radiant heliosent 
Phengosage 


Photometry 

Luminous pharos 
(luminous flux) 

Luminous pharosage 

Luminous pharosum 

Luminous phos 
(“‘light’’) 

Luminous phosage 

Luminous phosum 


Luminous helios 


Luminous heliosent 
Lamprosity 
(“visibility”’) 


F, = P 
F, = SD,-dA 
Pr = F,/U 


Qr = U 
Qr = SW,-dA 
uy = Q-/V 


aD, HadQ 


H, = SG,-ds, 
D, = S 


Fi = SDdA 
P, = F/O 


Qi = SFidt 
Q= SWi-dA 
mu = 


dD; = 
= SGi-ds, 


g = D./D, 


P-mt-* 
mt-3 


Pmt 
mt 


mt-3 


F 


tF 
F 


ld-*F 


[1, 0, —1, 1, —3, 0, 0, 0, 07 
[0, 0, —1, 1, —3, 0, 0, 0, 07 
[0, 0, 2, 1, —2, 0, 0, 0, 07 
[—1, 0, 1, 1, —2, 0,0, 0, 0] 
[0, 0, —2, 0, 0, 0, 0] 
[0, 0, 0, 1, —3, 0, 0, 0, 07 

(1, 0, —2, —3, 0, 0, 0) 
(1, 0, —3, 0, =f, 0, 0) 
[0, 0, 0, 0, 0, 0, 0, 0, 1] 

{1, 0, -3, 0, 0, 0, 0, 0, 1] 

[0, 0, —3, 0, 0,0, 0, 0, 1] 

[0, 0, 0, 0, 1, 0, 0, 0, 1) 

[1, 0, —3, 0, 1,0, 0,0, 1] 

[0, 0, —3, 0, 1, 0, 0, 0, 1) 

[0, 0, —2, 0, 0, 0, 0, 0, 1) 

[1, 0, —4, 0, 6, 0, 0, 0, 1] 

(0, 0, —2, —3, 0, 0, 0, 1] 


* Or kmt-3, on direction of force. 


** Or depen 


ing on direction of E. 
*** Or 11-40, depending on direction of E. 


flux density. The defining equation is 
F, I(s, x B), 


where s, is in the direction of the current. 


As another example, consider the idonic: specification of magnetic 


The only area that is sig- 


nificant when dealing with magnetic flux density is that perpendicular 
to B, so B is in the /,-direction and F and s are in the J; directions 
(Fig. 2). Substituting the idonic specification in the defining equation, 


one obtains 


which is satisfied by 


= X B), 


B = 


A word should be said about angle and solid angle. According to 


Rule 3, the tangential distance is called /, and the radial distance /,, so 
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the idonic specification of angle is /,J/,-'. Closely associated with this 
representation of angle is our treatment of stress and strain. An ade- 
quate treatment would require tensor analysis, but for many engineering 
purposes it is customary to consider only magnitudes. Normal stress 
is then specified idonically by 


Shear stress, on the other hand, is specified by 1,mt-?/1J = 1d,-U-'mt~. 
. In this way, different designation symbols are given for the two stresses, 
i just as different designation symbols are obtained for energy and torque. 

Table XI presents the designation symbols for classical physics, in 
so far as physics can be described by ordinary vector analysis. The 
treatment is limited to euclidean space and isotropic media. A more 
general and more precise description of physical phenomena could be 
given in terms of tensors, and the designation symbols could be revised 
in accordance with this extension. Such a step, however, will not be 
taken in this paper. 

The vector system eliminates ambiguities to essentially the same 
extent as the scalar /,l,-system did (Table V). .The new system also 
provides a check on the vector character of a given equation. In many 
cases (as in the examples of Section 6) the physical problem does not 
need vectors. If this be true, the idonic treatment, on scalar 1,1, basis, 
is generally preferable. In other cases, the vector system is advan- 
tageous. Study of Table XI gives the following information: 


(a) If a physical quantity is a scalar, neither J, nor /, enter the 
designation symbol. 

(6) A vector quantity contains either /, or /, (but not both) in its — 
idonic specification. | 
: (c) The appearance of both /, and /; in a designation symbol indi- 
cates a quantity that is not adequately represented by ordinary vector 
analysis. Such a concept could be better represented by a covariant 

vector or by a bivector. These conclusions apply, of course, only to . 
the particular representation given in Table XI, with the defining equa- 
tions there listed. It should be emphasized again that “dimensions” 
are not absolute and that a system of designation symbols can be 
arranged in an infinite variety of ways to meet the requirements of the 
particular problems being considered. 


8. SUMMARY 


The paper describes an investigation of some possible “dimensional” 
systems for the designation of physical concepts. The usual system, 
based on the primary concepts of length, mass, and time, results in a 
large number of ambiguities (Table II) and is therefore unsatisfactory. 
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The introduction of an additional primary concept for heat and another 
for electromagnetism is an improvement, but many ambiguities still 
remain (Table III). The trouble is caused by our failure to distinguish 
between distances in different directions. , 

By introducing two fundamental lengths /, and /, (radial and tan- 
gential) in place of the usual /, we eliminate the former difficulty and 
obtain distinct designation symbols for the concepts of energy and torque, 
for normal stress and shear stress, for pharosage (radiant energy per unit 
area) and helios (brightness). 

There are six types of practical application for idon theory (‘‘dimen- 
sions’’), all of which are handled as well (or better) by the /,/,-system as 
by the old method. Examples are given of the use of the new method in 
checking equations and in deriving new equations by idonic analysis. 
Tables of designation symbols are given for the principal concepts of 
physics (Table VI to X). Finally, an alternative system is outlined 
which employes the fundamental lengths /,, J, and J, and which dis- 
criminates between vectors and scalars in physical space (Table XI). 
This vector system is useful in certain problems, though in most cases 
the simpler /,/,-system is adequate. 

The authors are grateful to Royal M. Frye, Phillippe Le Corbeiller, 
Carl W. Miller, Duane Roller, Julius A. Stratton, and Dirk J. Struik 
who read and criticized portions of the manuscript. 
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Automatically Vacuum-Cleaned Workbench (Bottling, No. 102).—A neat 
device has recently been placed on the market, and is of especial interest to 
bottlers operating their own repair shop, where buffing, grinding and other 
dust-creating processes have to be encountered. The bench is of re-inforced 
steel plate but on its working surface there is an 18-in. square rubber-covered 
grid communicating with a suction pump, dust filter and shaking gear, all 
housed in the interior of the bench. Hence the worker, especially if working 
with flexible tools, is completely protected from dangerous dusts, the sur- 
rounding atmosphere is kept clear, and if the metal or other dusts have any 
commercial value they can be recovered. 


Fluid-Motor Valve Operator (Rubber Age, Vol. 65, No. 6).—A simplified 
fluid-motor operator for gate valves has been developed by the Crane Co., 
Chicago. This new design makes possible extensive use of motor-operated 
valves, since the actuating unit can be easily adapted to standard valves in 
stock or to valves already installed. This previously has been a virtual im- 
possibility, for motor-operated valves have customarily been made up on 
special order to the requirements of the installation. The besitos can be 
operated by water, oil or compressed air or gases. 

The motor unit, comprising the motor, gear box and wilh: is bolted to the 
valve bonnet; and the motor operates the valve stem through the gear box. 
The motor derives its power from five flexible diaphragms, mounted radially 
about an eccentric on the drive shaft. The operating fluid is admitted in 
rotational sequence to the five diaphragms, which actuate pistons that transmit 
the thrust to the eccentric through either of two entrance ports, controlling 
the direction of operation of the motor for opening and closing the valve. 

When the valve gate reaches the end of its travel in either direction, the 
motor merely stalls, still under pressure. There can be no leakage, and shut- 
off devices are unnecessary. The valves can be operated by a wide range of 
liquids or gases at pressures from 40 to 300 psi. ' 


Aerial-pickup System.— ‘“‘fishing reel’ aerial-pickup system perfected by 
an Air Force officer in Panama makes it possible for a light plane to pick 
up messages and mail without descending to dangerously low altitudes. At 
200 ft. the plane lets out, by gravity fall of a heavy lead sinker, a line to which 
is attached a 2-in. hook. This engages the mail bag or message container, 
suspended between two poles on the ground. When the “‘catch’’ is made, a 
certain amount of line runs out to absorb the shock, then a spring-loaded brake 
stops the drum. Should the hook engage too heavy an object, the line runs 
out toa strand of smaller diameter which parts without ill effect on the aircraft. 


Radar for the Medical Profession._—Detection of foreign bodies such as 
gallstones within human tissues, by means of a technique employing the radar 
principle, may be possible in the near future. The method, so far used only 
on animals, has been developed at the Naval Medical Research Institute in 
Bethesda, Md. It involves transmitting ultrasonic energy into body tissues 
and observing on a cathode-ray oscillograph screen the reflected and trans- 
formed waves from the foreign body. Distance of the echo from the initial 
pulse gives the depth of the foreign object in the tissue. 
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WORKHARDENING OF METALS--A GENERAL THEORY 


BY 
ALFRED M. FREUDENTHAL'! 


I. THE PLASTIC DEFORMATION OF METALS 


When the yield limit of a metal specimen under load is exceeded, 
plastic flow under constant or fluctuating stress is more or less rapidly 
blocked by changes within the structure of the material. These changes 
are accompanied by a gradually increasing resistance to further plastic 
deformation, increasing indentation hardness and increasing fracture 
strength as well as by changes in density, electric conductivity, magnetic 
properties and resistance to wear. Whereas the elastic shear modulus 
remains practically unchanged, slight changes may occur in the value of 
the bulk modulus and Poisson’s ratio (1).2-_ This process of changing the 
mechanical properties of metals by plastic deformation is usually termed 
strain-hardening or workhardening; the latter term is the more adequate 
since the changes may be related to an input of work. <A general theory 
of the phenomenon can be developed on the basis of this relation. 

The rate of change of the mechanical and other properties is related 
to the rate of irrecoverable change in the internal structure of the metal; 
it depends upon the undeformed structure of the material and is different 
for single crystals and for polycrystalline aggregates of various initial 
structure, that is, of structures of various grain size. It also depends 
upon the temperature and the speed at which the material is deformed. 

Thus changes in the physical properties by workhardening are re- 
lated to some modification that has occurred within the configuration 
of the crystal grains. Since mechanical properties of polycrystalline 
metals also depend very strongly upon the nature of the grain bound- 
aries, changes of those properties are necessarily related to changes in 
the character and extent of these boundaries. The specific character of 
the grain boundaries is due to the distorted atomic arrangement pro- 
duced by the competing claims as to the lattice to be formed exerted 
by the adjacent crystal grains on the small number of atoms located 
within the boundary region between the grains. The arrangement of 
those atoms is therefore as nearly ‘‘disordered”’ as is the arrangement of 
particles in an amorphous material, with the result that grain bound- 
aries, as well as distorted atomic layers in general, behave in a way simi- 
lar to amorphous materials; they show a highly temperature- and 
time-sensitive ‘‘viscous’”’ response to loads. 

1 Professor of Civil Engineering, Columbia University, New York, N. Y.; and Lecturer 
and Research Consultant, University of Illinois, Urbana, III. 


2 The boldface numbers in parentheses refer to the references appended to this paper. 
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When a metal crystal is deformed, slip takes place along the eligible 
atomic planes which are most favorably oriented with respect to the 
direction of principal shear of the operative stress-system. The spacing 
of the slip planes and the extent of slip on individual planes have been 
found to depend upon the applied rate of strain or load (2). If the 
deformation is produced very slowly, the amount of slip on individual 
planes is extremely small and the number of planes correspondingly 
large; under such conditions individual slip is so uniformly distributed 
and so small that it may become invisible under the microscope. Above 
a certain critical strain- or loading rate, on the other hand, the spacing 
of slip planes and the extent of slip along individual planes suddenly 
increase and slip bands formed of clusters of atomic slip planes become 
visible under the microscope. The critical strain or loading rate at 
which the finely distributed slip is transformed into one essentially 
concentrated within clusters of adjacent slip planes dividing the crystal 
into lamellas of finite thicknesses, depends upon the rate at which” 
applied strain energy is dissipated within the intercrystalline regions. 
If the rate of application of strain energy is higher than its rate of 
dissipation, extensive breakdown of the cohesion will occur sooner or 
later within the intercrystalline boundaries, accompanied by an abrupt 
change in the distribution of the slip. It is reasonable to assume that 
the rather uniform restraint imposed upon the deformation of an indi- 
vidual crystal by slip (provided by the unbroken, viscously deforming 
grain boundaries) will favor a fine distribution of slip planes and small 
amounts of slip on individual planes; such distribution will enable the 
discontinuous deformation by slip to occur in the course of a relatively 
small viscous deformation (creep) of the restraining intercrystalline 
medium. The propagation of extensive slip on widely spaced clusters 
of glide planes on the other hand requires excessive and rapid deforma- 
tion of the restraining medium leading to its local destruction. Thus, 
finely distributed slip is probably characteristic of slowly deforming, 
relatively fine-grained polycrystalline aggregates in which the crystals 
deform within the slowly yielding viscous boundaries; this cannot be 
expected to occur in single crystals, the deformation of which is un- 
restrained, and in which, therefore, slip is sudden and extensive; nor 
can it be expected in rapidly deformed or coarse-grained polycrystals, 
since the restraint imposed by the grain boundaries on the slip along 
widely spaced slip bands is rapidly removed by local destruction of the 
cohesion in the boundary regions. Glide planes are thus free to propa- 
gate through a number of neighboring crystal grains. 


Il. STRUCTURAL THEORIES OF WORKHARDENING 


Slip is stopped by the distortion of the atomic structure around the 
advancing edge of the slip planes. The amount of distortion created 
during slip determines the rate of blocking along the slip planes. Over- 
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all plastic deformation resulting from short slip on many finely dis- 
tributed slip planes will therefore be less rapidly blocked than plastic 
deformation resulting from extensive slip along widely spaced clusters 
of atomic slip planes (slip bands), which involves the creation and dis- 
tortion in the course of the motion of glide lamellas of finite thickness 
between distorted slip bands. 

However, the development of a blocking mechanism by distortion of 
the atomic arrangement within the slip bands may be responsible for 
workhardening on a macroscopic scale only within the range of rela- 
tively small plastic deformation. The change in resistance to deforma- 
tion that can be explained by this mechanism alone is not of the same 
order of magnitude as the changes observed in most polycrystalline 
aggregates. The blocking mechanism developing on individual slip 
planes or slip bands may explain the workhardening observed in single 
crystals; however, such workhardening represents only part of the total 
workhardening effect within the polycrystalline aggregate. It is there- 
fore not so much the blocking of slip within the slip planes but the block- 
ing of this slip at the grain boundaries which is overcome by fragmenta- 
tion, rotation and elastic distortion and bending of fragments in the 
course of the deformation which produces the observed workhardening 
effects of the polycrystal. The crystal fragments may be of different 
size and shape; it appears, however, that they cannot be broken down, 
at least not permanently, into smaller units than the limiting minimum 
size that is stable at the considered temperature of the deformation and 
which, according to almost all experiments performed on metals, is of 
an order of magnitude of 0.1 to 1’ (3). 

Crystal fragmentation is the principal structural change accompany- 
ing plastic deformation within the range of strains up to 15 or 20 per 
cent. Changes in the physical properties within this range are thus 
essentially due to the refinement of the initial crystal grains producing 
crystallites of more or less uniform limiting size, and to changes in the 
energy content of the intercrystalline boundaries. 

The primary effect of grain refinement is to increase the specific dis- 
tortional energy that can be reversibly stored up within an individual 
crystal grain, since, according to the v. Mises’ yield condition, the yield 
limit is proportional to the sum of the squares of the principal shear 
strains. If the simplifying assumption is introduced that slip within 
an individual small grain of the aggregate is primarily the result of the 
energy which locally produces pure shear in the most eligible slip system 
of the considered crystal, the critical energy level at which slip is 
initiated along a single one of the family of eligible planes is represented 
by the shear energy which can be released by slip taking place over one 
atomic distance a which is the unit step or “‘quantum”’ of slip. Slip 
over one half only of that step requires energy application, the second 
half of the step towards the new equilibrium position occurs spontane- 
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ously after the activation energy between the two positions has been 
overcome. The critical energy level is therefore directly proportional 
to the square of the ratio (@/2), where \ denotes the dimension of the 
crystal (Fig. 1). 

The change in the energy content of the boundaries of the broken-up 
crystal structure is connected with a decrease in density of the order of 
magnitude of 0.1 to 1 per cent, accompanying the workhardening process 
of most polycrystalline metals; no measurable decrease in density can 
usually be found in cold-worked single crystals. In the course of the 
fragmentation of the crystal structure, a certain amount of disordered 
material, containing bonds of high energy content, is created within the 
glide-planes. This is the result of the distortion of the atomic structure 
within those planes by slip, rotation and bending of crystal fragments 
during deformation, as well as of the restrictions imposed, upon load 
release, on the recovery of shape of the elastically distorted crystal 


Fic. 1. Slip of a crystallite. 


fragments by the preceding irrecoverable deformation of the polycrystal- 
line aggregate. 

To stabilize the fragmented and distorted crystalline structure a 
system of inter-atomic forces of very high potential energy is built up 
in the course of unloading. Thus a certain percentage of the volume 
of cold-worked, polycrystalline metals contains particies connected by 
bonds of very high energy content; the particles within this volume must 
be markedly further apart than those in the remaining crystalline vol- 
ume. The potential energy introduced into and latently stored within 
the polycrystalline structure by the fragmentation of crystals is, there- 
fore, probably contained within the small volume of crystal boundaries 
and of slip bands of distorted atomic structure. 

This conclusion is borne out’ by the comparison of the changes in 
the lattice parameter observed in the course of workhardening and the 
amount of potential energy latently stored up within the fragmented 
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structure. It has been found that the amounts of strain energy or of 
volume change necessary to produce an over-all elastic strain consistent 
with the observed change of the lattice parameter are much smaller than 
the actually measured latent energy or the observed density change. 
Therefore, latent energy and local density changes must be concentrated 
mainly within the intercrystalline boundaries and within the distorted 
glide planes (4). 

When an advanced stage is reached in the process of crystal frag- 
mentation without fracture having occurred, the mechanism of plastic 
deformation by slip and fragmentation changes and gradually becomes 
one of formation of texture (orientation) by rotation and by temporary 
break-up of fragments which are subsequently reformed in the direction 
of the largest strain velocity. Changes in mechanical and other proper- 
ties, produced during this stage of the deformation, are an expression 
of the developing anisotropy of the material; the structural pattern 
defined by grain size and by the extent of grain boundaries remains 
practically unaffected, and the hardness increase during this stage is 
therefore relatively small. 

Four different mechanisms may thus be responsible for the increase 
of resistance to plastic deformation of a polycrystalline metal aggregate 
stressed above the yield limit. Although it has frequently been at- 
tempted to explain the workhardening phenomenon in terms of any one 
of those mechanisms alone, it is probably the joint or the successive 
operation of all four mechanisms which is responsible for the observed 
workhardening effects over the whole range of deformations of metals. 


Ill. A GENERAL LAW OF WORKHARDENING 


On the basis of the preceding discussion, workhardening is the 
result of: 


(a) The increase in resistance to slip within a single crystal, due to 
the creation and propagation, under applied shear, of distortions of the 
atomic lattice, within the slip planes, called ‘‘dislocations.’”’ (Taylor’s 
Theory.) 

(b) The increase in resistance to plastic deformation of a polycrystal- 
line aggregate produced by the fragmentation, along slip planes, of 
crystals and the rotation, elastic distortion and bending of the crystal 
fragments. The increased resistance is due primarily to the fact that 
the specific shear energy required to initiate slip in a single crystal is an 
inverse function of the square of the crystal size. (Bragg’s Theory.) 

(c) The stabilization of the fragmented and distorted crystal struc- 
ture by a system of micro-residual (textural) stresses set up during 
unloading after fragmentation. This stress system stabilizes the dis- 
torted crystalline structure of the aggregate by introducing into the 
material a certain amount of “‘latent’’ potential energy, which becomes 
a characteristic feature of the workhardened polycrystalline pattern. 
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(d) Anisotropic change in resistance to plastic deformation produced | 
by practically volume-constant deformation associated with rotation, 
break-up and immediate reformation of crystal fragments of limiting 
size in the direction of the maximum strain velocity. 


Although these four workhardening mechanisms are assumed to be 
jointly operative in polycrystalline materials, the degree of their relative 
importance probably changes with the initial properties of the material, 
and with the progress of the workhardening process. 

The propagation of dislocations [Mechanism (a) ] is probably re- 
sponsible for the initial workhardening associated with small plastic 
deformation, or for the workhardening of polycrystals consisting of a 
very small number of crystals. Beyond the range of small deformation 
the workhardening effects resulting from crystal fragmentation and 
storing up of “‘latent’’ energy [ Mechanism (0b) and (c) ] may be assumed 
to be mainly responsible for producing the observable relations of stress 
and strain. Reorientation of fragments which does not produce appre- 
ciable hardening is operative in the formation of texture under large 
uni-directional strains; therefore, in polycrystalline metals the texture- 
forming mechanism comes into play at a late stage, when crystal frag- 
mentation has been nearly completed, and further deformation can 
only proceed by directional reorientation of the crystal structure under 
conditions of considerable thermal instability. 

Without attempting to discuss the relative merits of the mechanisms 
of dislocations and of fragmentation, which are not considered here as 
alternative but as jointly operative mechanisms, a feature common to 
both mechanisms will be used to develop a general function of work- 
hardening. This feature is the dependence of the resistance to slip 
initiation within a crystal or within a polycrystalline aggregate, on an 
inverse function of a geometrical parameter \, which is either the range 
over which a dislocation can migrate (its so-called ‘‘mean free path’’) 
or the range over which slip can take place in a crystal. The parameter 
\ can therefore be considered as a measure of the order of magnitude of 
the average linear dimension of the perfect crystals, or of the crystallites, 
forming the aggregate. 

Considering an elementary crystal cube of dimension \ built up of 
atoms (Fig. 1) under conditions of pure shear, slip starts by the gliding 
of one atomic plane over another, with accompanying release of poten- 
tial energy, when the elastic shear strain g has attained the value a/2); 
this is equivalent to an elastic displacement of the upper plane against 
the base plane of one half the atomic distance a. Hence, the elastic 
energy per unit volume which can be reversibly stored up before slip 
starts, the ‘‘resilience’’ }Gg?. = const. (1/A)*, is inversely proportional 
to the square of the parameter i. It is this limit of elastic energy that 
provides a measure of the “‘hardness’’ /7 by delimiting the energy level 
at which plastic deformation starts. 
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On the other hand, the theory of dislocations as developed by G. I. 
Taylor (5) leads to the ‘‘parabolic’’ relation of stress and strain. 


= const. (1) 


according to which the ‘‘critical stress’’ at constant strain g at which slip 
proceeds, is inversely proportional to Vy. In terms of energy the 
‘resilience’? H, which is proportional to the square of stress, would be 
inversely proportional to X. 

If it is assumed that the increase in hardness, defined as increase in 
the resistance to plastic deformation in terms of energy, is not or not 
only, due to the “resilience” of individual crystals increasing with de- 
creasing parameter \, but to the storing-up of “‘latent’’ energy within 
the intercrystalline boundaries and distorted atomic layers of the frag- 
mented polycrystal, the hardness increase dH would be proportional to 
the increase, in the course of fragmentation, of intercrystalline surfaces 
within the unit volume of the aggregate. If m crystals of parameter \», 
making up the unit volume of hardness //,, are broken up into a unit 
volume of hardness H7, consisting of crystallites of parameter \,, and 
if the ratio of hardness before and after fragmentation H,,/H, is assumed 
to be proportional to the ratio of intercrystalline surfaces A,, and A, per 
unit volume before and after fragmentation respectively, this hardness 
ratio may be expressed by 

m 
since m-\,* = n-d,* = unit volume. The hardness H in terms of 
energy is therefore inversely proportional to the parameter ._ This is 
the same relation that has been obtained from the dislocation theory. 

Thus, according to any one of the three workhardening mechanisms, 
the hardness defined in terms of the strain energy required to initiate 
plastic deformation is inversely proportional to either the square of the. 
parameter \ or to X itself or to some intermediate power \", where 
1 <n <2. It is on the basis of this conclusion that a general law of 
workhardening can be developed. This law describes the change of 
state in terms of the process of energy transformation accompanying the 
changes in the structural pattern of the metal. It can therefore be 
expressed in terms of the basic thermodynamic equations 


dW, d® . dWp 
dt ’ (3) 


and 


(4) 


where W,, ®o, Wp, S, and T denote the applied strain energy, the re- 
versibly stored distortional energy, the dissipated energy, the entropy 


dt 
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and the absolute temperature, respectively. The > and = signs in 
Eq. 4 define irreversible and reversible processes, respectively. For 
every structural pattern defined by the energy Wp irrecoverably ex- 
pended in producing it, a limiting amount of distortional energy @)5 = H 
exists up to which dW)p/dt = 0. The function @)5 = H = f(Wp) repre- 
sents the basic workhardening relation. 

Since energy is an additive quantity, the hardness of the poly- 
crystalline aggregate can be assumed to be roughly the sum of the indi- 
vidual resilience values of the constituent crystals; hence 


> G-gm?-Vn = Bo(g)-V = 3G-g?-V, (5) 


where g denotes the limiting shear-strain and V the volume of the 
aggregate, while V,, and g» respectively denote the volume and limiting 
shear-strain of an individual crystal of size m out of the n sizes of 
crystals forming the aggregate. 

Since the hardness 7 of the aggregate is thus made up of the sum 
of the hardnesses H/,, of the constituent crystal sizes, the contribution 
of the crystal size m to the hardness of the aggregate will necessarily be 
Hy(Vm/VJ. If the structural pattern producing the hardness H is 
defined by a certain volume distribution of crystal parameters \ running 
from \; to A», where \; denotes the largest size, \, the smallest (limiting) 
size, this pattern is related to the energy W> irrecoverably expended in 
producing it from the initial structural pattern of the aggregate, defined 
by the initial hardness Ho. 

The validity of this relation is however limited to conditions for 
which crystal fragmentation and distortion are the principal operating 
dissipation mechanisms; this is the case at temperatures at which the 
thermal stability of the distorted crystal pattern is high and effects of — 
anisotropic reorientation are slight. At temperatures below recrystal- — 
lization temperature, the energy dissipated by alternative mechanisms 
will, in general, be negligible. At temperatures near recrystallization 
temperatures, however, the amount of energy dissipated directly into 
heat, without producing an identifiable permanent change of structural 
pattern, that would result in increased hardness, becomes so large that 
the one-valued relation between hardness H and dissipated energy Wp 
no longer exists. Similarly, energy is dissipated without producing 
appreciable change in hardenss, if during deformation directional re- 
orientation is the predominant effect. However, conditions of marked 
thermal instability of the fragmented structure at room temperature can 
be expected but at the approach to the upper limit of hardness. Since 
for most of the structural metals at room temperatures (or even at 
moderately elevated temperatures) fracture will intervene before the 
upper limit of workhardening is attained, the one-valued relation be- 
tween hardness H and dissipated strain energy Wp may be assumed to 


n 
3 
: 
> 
ii 
2 } ‘ 
4 
4 
{ 
| 
j 
i 


Dec., 1949.] WoRKHARDENING OF METALS 531 


hold with fair approximation within the practically important range of 
deformation. 

An increase in hardness dH is brought about by expending the energy 
dW» to change to volume distribution of crystal sizes through the 
fragmentation of a part v» of the total volume V,, of crystals of size \m 
and hardness H,,, into an equal volume of crystals of size \,, and hardness 
H,. Therefore the rate of workhardening of the aggregate 


(6) 


if the considered volume of the aggregate V is unity; the sum is to be 
taken over all crystal sizes affected, that is over all sizes m > n. 

Fragmentation of crystals may be either gradual, through consecu- 
tive stages, when every crystal size is broken up into a smaller, but not 
necessarily limiting size, or ‘“‘catastrophic,’’ when every crystal size is 
shattered directly into fragments of limiting size, or it may be of an 
intermediate nature. Since it has been found that the first assumption 
leads to workhardening functions inconsistent with observation (6), the 
catastrophic type of fragmentation is assumed to be prevalent. 

If gm denotes the ratio of the volume of one crystallite of parameter 
Am to the volume of the crystal fragment of limiting parameter \,, the 
ratio of hardness of the two crystal sizes 


Il, Xm 
= = j 


if the hardness is defined by the “‘resilience’’ of crystal grains alone. 
If, on the other hand, it is assumed that the increase of hardness is not 
due to the increasing resilience of the refined crystal grains, but results 
from the “‘latent’’ energy stored up in the intercrystalline surfaces, the 
hardness ratio according to Eq. 2 is 


(8) 


Adopting Eq. 7 and introducing it into Eq. 6 the rate of work- 


hardening 
dim, 


dWp 


dH 


= 
dWp (Qm,n 1) (9) 


By integration, 
H = ¥ Hm: — 1)-0m + const. (10) 
1 
If vy» denotes the relative volume of grains of parameter X,, fragmented 


to date out of the volume Vo» of such crystals initially existing in the 
unit volume V, the rate of fragmentation of grains of any particular 


dv 
m 

—— = > (A, — An) 

d Wp 1 dWp 

m n 
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parameter \,, may reasonably be assumed proportional to the relative 
volume of such grains Vn = (Vino — Um), existing at the considered stage 
of fragmentation defined by Wp. This assumption is generally used in 
all physical disintegration (decay) processes. Hence 


1 
( 0 ) ( ) 
where a» is a factor of proportionality characteristic for the stability 
of the grain size; its inverse value is proportional to the rate of dis- 
integration. With the condition that v, = 0 for Wo = Woom, integra- 
tion of Eq. 11 gives 


tm = 1 — (12) 


valid for Wp > Woom. 

The workhardening curve corresponding to Eq. 10 thus has different 
ranges governed by different equations, and delimited by the values of 
Woom. In the first range, from Wpn = 0 to Woo the largest size of 
crystals of parameter \,; and hardness H,; is fragmented into crystallites 
of limiting size, until the over-all hardness H of the polycrystalline ag- 
gregate (which, in the initial stage, that is, for Wp = 0Ois H = Hy = H,) 
reaches the hardness 2 of the grains of parameter \2». From there on 
the fragmentation of the crystal size of parameter dz sets in, proceeding 
simultaneously with the continued breaking up of still existing grains of 
parameter A; and so on. Thus for the first stage (0 << Wp < Woo:), 
with H = H, for Wp = 0: 


H = + (qin! — 1): Vio(1 — e-¥2/™) (13) 

For the second stage (Wnoz < Wn < Woos) with H = H; for Wp = Woo:: 
AH = + (gen? — — e- 

+ (gin? — — (44) 


where = H2/H,. 


Generally, the hardness H(Wp,,) within the m-th stage of fragmen- 
tation 


k=m 


H(Wom) = + Caregen? — 1) Veo 
k=1 
+ Dom—W Dok) /ak — e~(WDm—W or) /ak) , (15) 


where = Hn/H; and = H,/H., H, being the hardness of 
crystallites of limiting size \,. The rate of workhardening within this 
range 


k=m 
dWom k=1 
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If the rate of workhardening is plotted against hardness, a straight 

line 

dH 

C,+ (17) 
is obtained if one term only (k = 1) exists in Eq. 15 or, alternately, 
if a, is the same for all crystal sizes. The shape of the function 
H = f(dH/dW>) thus provides an indication of the character of the 
process of fragmentation. 

It is evident that the only change introduced into Eqs. 13 to 17 by 
adopting a different assumption concerning the operative workhardening 
mechanism would be to change the powers of all g¢.m- and gy.n-ratios in 
those equations from 3 to 3, as required by Eq. 8 which would replace 
Eq. 7, on the basis of which the workhardening law (15) has been de- 
rived. This change is a change in constants only and does not affect 


the form of the general workhardening function. 


H 


H =f (Wp) 


H, 


~ 
=~ Wr 


Fic. 2. Workhardening function for fragmentation of single crystal size. 


IV. INTERPRETATION OF EXPERIMENTS 


In applying Eq. 15 to the interpretation of experimental results 
under general conditions of stress, the proper measure of H and of Wp 
must be introduced. The elastic distortional energy is proportional to 
the second invariant of the deviator of stress J2; or of elastic strain Io2.. 
There is, however, no simple measure of W>» in the case of a general state 
of stress. In the case of homogeneous stress, Wp can be directly com- 
puted from the area under the stress-strain diagram. In first approxi- 
mation, however, Wp for a general state of stress may be assumed to 
be proportional to the second invariant of the deviator of plastic strain. 
Thus, the general workhardening function @) = H = f(Wp) for a 
general state of stress has the invariant form: 


= F(Lo2p), (18) 


f 

dH 
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where Jo2. and Jo2, denote the second invariants of the deviator of 
elastic and of plastic strain respectively. 

In the limiting case of an aggregate with a uniform grain size Eq. 
13 (with V;o = 1) governs the entire range of deformation. Hence 


H = H, — — (19) 


and 
dH 


dWp 
Relations (19) and (20) are represented in Fig. 2. The slope 1/a of 
the relation (20) is constant over the entire deformation range. This 
constancy is an indication that only one crystal size is being broken up. 
Equation 19 can be written in terms of stresses if Wp is considered 

a function of the plastic strain In p alone 


where s, and s;, respectively, denote the stresses for p = © and p = 0. 


(H, — H). (20) 


Apparent straight- 
line relation 


0.2 
$1] 8. 


0.5 
In p 


Fic. 3. Stress-strain diagram for workhardening process involving break-up 
of one crystal size (yield stress S; = 0.1.S). 


The form of this relation for assumed values a = 1 and — = 0.1 is 


represented in Fig. 3. The diagram shows that under the assumed 
conditions and within the range of the logarithmic plastic strains 
0.1 < In p < 0.7 the stress-strain diagram is very nearly a straight line; 


Hence 
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Workhardening curve for mild steel established from tension test and 
successive drawing through dies (8). 
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however, it starts to curve downwards at higher values of strain. The 
straight-line true stress-strain relation which has been observed in 
metals within a certain range of strain is, therefore, a transient phenom- 
enon and has no physical meaning. Since in tension tests fracture starts 
mostly before the curved part of the stress-strain diagram is reached, 
the apparent straight-line relation has frequently been considered a 
characteristic feature of deformational behavior; there is, however, no 
justification for this assumption. 

Figure 4 reproduces the function H = f(Wp) and dH/dWp = f(H) 
obtained in terms of (e?) and (In p)? by a combined tension test and 
wire-drawing experiment on mild steel (Fig. 5) in which very high 
strain values were reached (6). From the interpretation of the 
dH/dW»y = f(f) diagram it is evident that the workhardening process 
consists of three distinct, successive stages, in the course of each of 
which fragmentation of but one order of magnitude of crystal sizes 
takes place; only during the comparatively short, curved transition 
stages does the fragmentation process involve two orders of magnitude 
of crystals. It is important to note that a detailed analysis of the 


Penis 
experimental curve has shown (6) that the true stress s = * at 


which necking starts in the tension test, is attained at the stage of the 
deformation when the break-up of the large crystal size is practically 
completed. Since by computing the maximum load in the tension test 
Prax from the condition 
dP = d(s-A) = Ads + sdA = 0 and “ieee: (23) 
it canbe easily verified that necking starts under maximum load when 
the rate of hardening ds/s is no longer able to compensate for the 
decrease in cross-section —dA/A, this coincidence is to be expected. 
The discontinuous decrease in the rate dH /H (and therefore of ds/s) 
after the largest crystal size has been broken up, must necessarily pro- 
duce instability of deformation, that is, necking under decreasing load. 
Thus the maximum load Pax observed in conventional tension tests 
and used as ‘‘ultimate tensile strength” Syax = Pmax/Ao, where Ao de- 
notes the initial cross-section of the specimen, defines neither a strength 
nor an ‘“‘ultimate”’ limit. It simply designates a transition point of the 
workhardening rate. 
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NOTES FROM THE NATIONAL BUREAU OF STANDARDS * 


ELECTRONIC INSTRUMENT TESTS GEIGER COUNTERS 


An electronic gating instrument has been designed and constructed 
at the National Bureau of Standards for the accurate determination of 
the deadtime and recovery characteristics of Geiger-Miiller counters. 
The deadtime and recovery characteristics are important not only 
because the errors of counting depend on them, but also because they 
are intimately associated with the electrical discharge process. 

When incoming radiation causes an ionizing event in a Geiger 
counter, negative electrons are attracted to the positive wire, the elec- 
tron stream producing a negative voltage pulse across the terminals of 
of the counter. The highly mobile electrons reach the positive wire of 
a Geiger counter within a fraction of a microsecond after ionization has 
occurred. At the same time, the heavy positive ions moving toward 
the negative outer cylinder remain in the vicinity of the wire long 
after the electrons have reached it. If a particle enters the counter 
while the ions are still close to the collecting wire, Geiger action can- 
not occur. 

The deadtime is defined as the time interval after a pulse has 
occurred during which the counter is insensitive to further ionizing 
events. Physically it is the time required for the positive ions to travel 
far enough from the wire to let Geiger action resume. Similarly, the 
recovery time is defined as the time interval that must elapse after a 
pulse has occurred before a full-sized pulse can again occur; physically 
it is the time required for the positive ions to reach the counter wall. 
Both the deadtime and the recovery characteristics of a Geiger counter, 
as well as the input sensitivity of the associated circuits, are involved 
in the ‘resolving time,” defined as the minimum time interval by 
which two pulses must be separated to be detected as separate pulses 
by the counter and its accessories. Since the counter is dead for a 
short period after each pulse, some disintegrations are not detected, 
resulting in a discrepancy between the number of particles entering the 
counter and the number of counts recorded. 

With the Bureau’s electronic gating instrument it is possible to 
study the pulses that occur in the time interval between the end of 
the deadtime of a Geiger counter and the end of a predetermined gating 
period. When the gating instrument is in operation, random pulses 
from a Geiger counter are fed through the pulse height selector and 
pulse shaping circuits to give sharp negative pulses of uniform height. 


* Communicated by the Director. 
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These negative pulses follow two paths: one through an amplifier to a 
heavily biased stage and the other through a delay circuit to a gating 
multivibrator. An initiating pulse entering the system finds Channel 
1 blocked by the heavy bias, but by way of Channel 2 it trips the multi- 
vibrator and opens Channel 1 for pulses to pass. Because of the delay 
in Channel 2, Channel 1 is not opened until the initiating pulse has died 
away. The delay used is 15 microseconds. Subsequent pulses find 
Channel 1 open, go through it, and are counted. After a time deter- 
mined by the circuit constants of the multivibrator, Channel 1 is 
blocked off again and the whole process is repeated. In effect, the 
system selects pairs of pulses with a time separation less than a selected 
value determined by the setting of the controls on the multivibrator, 
and one count is recorded for each such pair received. 


EFFECT OF BORON ON THE STRUCTURE AND PROPERTIES OF CAST IRON 


War-induced scarcities of elements such as chromium and manganese 
called attention to the possible use of boron to increase the hardness and 
wear resistance of cast iron. However, specific data regarding the 
effect of boron on the structure and properties of cast irons have been 
somewhat limited. At the National Bureau of Standards’ experimental 
foundry, an extensive study was recently made of the effect of boron 
in plain gray cast irons. Useful information on solidification charac- 
teristics, strength, hardness, microstructure, and chilling properties 
was obtained. These data should be of value to those industries which 
produce cast iron for specialized uses requiring definite characteristics. 

Cast iron consists essentially of graphite particles dispersed through- 
out a steel matrix. Ordinarily the fractured surface of the metal is 
gray, but when cast iron is cooled rapidly from the molten state, it 
chills, forming white iron. The core of such castings consists of soft 
gray iron while the outside portion is the more durable white iron. 
Because of its hardness and resistance to wear, white cast iron is used 
in such articles as street-car wheels and rolls for rolling mills. The 
brittleness of the iron chip and the lubricating properties of the graphite 
make gray iron easy to machine. The graphite particles also act as 
cushions against thermal shock and thus prevent crazing. For this 
reason, gray iron is the only material that has been successfully used on 
a large scale for brake shoes or brake drum linings, which must absorb 
tremendous energy, convert it to heat, and still not seize the wheel 
or axle. 

In the Bureau’s investigation, plain gray cast irons of nine different 
stocks were studied. The irons were melted in high-frequency induc- 
tion furnaces, and boron in the form of ferro-boron was added to the 
molten metal. When examined under a microscope, the structure of 
irons with a relatively large boron content was found to consist essen- 
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tially of a matrix of cementite containing islands of pearlite as well as 
other structureless islands. 

Transverse strength was determined by subjecting bars to a breaking 
test. A disk was cut from each broken transverse test bar and used for 
Brinell hardness determinations and for metallographic examination. 
Fractures could be classified as gray or white-network. For bars with 
gray fractures, an increase in boron content was accompanied by a 
small increase in the transverse strength, Brinell hardness, and relative 
modulus of elasticity of the sample. However, the appearance of a 
white network or white specks on the fractured surfaces of bars con- 
taining larger amounts of boron usually was accompanied by a drop in 
the transverse strength and deflection, and an increase in the Brinell 
hardness and relative modulus of elasticity. 

An important property of cast iron is its ability to form white iron, 
when chilled. Depth of chill may be controlled by varying the cooling 
rate or by adjusting the composition of the iron. In the present study 
the whiteness of the fractured surface of plate and wedge specimens 
was taken as a criterion of the iron’s susceptibility to chill. For all 
castings there was a pronounced increase in depth of chill with an in- 
crease in the boron content. This was found to be accompanied by a 
greater development of the white network in the gray portions of the 
castings. 

In general, the results of the investigation show that boron increases 
the depth of chill of cast iron as well as its hardness. Boron was also 
found to decrease the size and quantity of graphite particles, to increase 
the free carbide content, and to produce an undercooling effect which 
becomes more pronounced with greater percentages of boron. 


NBS LIQUID OXYGEN CONVERTER 


A fully automatic liquid oxygen converter having significant ad- 
vantages for use in high altitude flight has been developed at the 
National Bureau of Standards. , Its features include compactness, 
greatly reduced weight, sturdiness, simplicity of design and operation, 
rapid attainment of operating pressure, economy of oxygen, and delivery 
of warm gas. 

The NBS Liquid Oxygen Converter consists of a standard 25 liter 
metal Dewar flask modified by the addition of a bottom drain, together 
with two coils, one for build-up of pressure and one for warming the gas 
as it is delivered. Four valves, two on the flask, one in the build-up 
tube, and the other in the delivery line, prevent excessive rise in pressure. 

When oxygen gas pressure is to be built up, liquid is directed through 
the bottom drain and a liquid trap into the build-up coil, in which it is 
evaporated and warmed by the atmosphere. The warm gas rises 
through the coil by thermal convection and is then returned to the top 
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of the flask, where it mixes with the gas already present above the 
liquid. Gas pressure rises quickly as this cycle continues. After 
pressure has been established, oxygen may be withdrawn by forcing 
liquid through the bottom drain into the withdrawal coil, where it is 
evaporated and warmed by the atmosphere as it passes to the outlet 
mechanism. 

The total converter unit is 25 in. high and 18 in. in diameter. It 
weighs 60 Ib. and holds 62 Ib. of oxygen, enough for ten men for 10 hr. 
To supply this quantity of oxygen from gas cylinders at 1800 psi. would 
require 21 tanks of 514 cu. in. each, which weigh a total of 350 Ib. when 
empty. For flows up to 150 liters per minute (5 cu. ft. per minute), gas 
is delivered within 5° C. of atmospheric temperatures. Greater flow 
rates may be obtained, but the delivered gas is colder. Pressure may 
be built up, when the container is full, from 0 to 65 psi. in 10 sec. 

The converter has successfully withstood tests under conditions of 
severe vibration (3000 cycles per minute), rapid acceleration (nine times 
the acceleration of gravity), extreme cold (—40° C.), and severe heat 
(75° C.). Performance at tilts up to 45 deg. was not materially dif- 
ferent from that observed in the erect position. Converters built on 
the NBS design by commercial manufacturers have operated satis- 
factorily in flight tests at 40,600 ft. 

In reliability and safety the new converter compares favorably with 
high-pressure gaseous oxygen systems. Wide variation is possible in 
container capacity, and in delivery flow, temperature, and pressure 
specifications. Thus, although designed specifically for aviation use, 
the device may be adapted with minor modifications to industrial and 
medical applications. 


ELECTRON-OPTICAL SHADOW METHOD 


As the result of a series of electron-microscope experiments in the 
Electron Physics Laboratory of the National Bureau of Standards, an 
electron-optical shadow technique has been developed which provides 
a valuable tool for the quantitative study of electrostatic and magnetic 
fields of extremely small dimensions. The new development should 
also provide a powerful means for broadening present knowledge con- 
cerning space-charge fields, waveguide problems, and the basic magnetic 
properties of metals. Though similar in some respects to the electron- 
optical Schlieren method previously developed at the Bureau, the 
shadow method is much better adapted to precise determinations of 
field intensity. 

In practice, the object to be studied, a recording wire for example, 
is placed between an electron source and a system of electron lenses. 
The lens system focuses the electron beam to form an image of the wire 
on a fluorescent screen. By placing a wire mesh of known gage just 
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beyond the back focus of the lens system, a shadow image of the mesh 
is superimposed on the image of the wire. The portions of the shadow 
network adjacent on the screen to magnetized regions of the recording 
wire are then found to show considerable distortion. 

A complete theoretical analysis of this effect at the National Bureau 
of Standards has shown that the distortion of the shadow image is due 
to the deflection of the electron beam by the field of the recording wire 
at each magnetized region. The displacement and change in size of 
the shadow image depend on the strength of the field of the magnetized 
wire. Although it is possible to compute field intensity from the in- 
tensity distribution of the pattern obtained by the Schlieren method, 
the shadow method is of far greater utility for quantitative work since 
the image displacement and magnification can be measured much more 
accurately than can the intensity distribution across the Schlieren pat- 
tern on a photographic plate. 

Perhaps the greatest value of the electron-optical shadow method 
lies in its utility for exploring complex electric and magnetic fields of 
extremely small dimensions or in which a probe of greater size than the 
electron would disturb the field under study. The shadow technique 
now provides data for accurate:calculation of the absolute value of the 
intensity in the neighborhood of a specimen of any size or shape without 
altering or disturbing the field. The method is thus well adapted to 
investigation of the fundamental nature of ferromagnetism. 

The Bureau is also applying the principle of the shadow technique 
to the study of spherical aberration in electron lenses. When a fine 
wire mesh is placed in the focal region of a lens having spherical aberra- 
tion, the shadow image of the network is enlarged. The resultant 
pattern may be interpreted to give information of value in correcting 
the lens. 


NBS METHOD FOR MICROSECTIONING 


An improved and relatively rapid method for cutting extremely thin 
sections of biological tissue for study with either the light or electron 
microscope has been developed by the National Bureau of Standards. 
The application of the electron microscope to many biological problems 
has been seriously hampered by the lack of such a method, because of 
the very slight penetrating power of the electron beam in commercial 
instruments and the relatively great depth of field involved. Yet the 
techniques that have been available for preparing thin sections are 
quite elaborate and difficult, ne expensive equipment and pro- 
ducing few usable sections. 

An important feature of the. hue! s method is an easily made, in- 
expensive device which holds the embedded specimen and_at the same 
time advances it gradually and uniformly toward the knife of a micro- 
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tome. ‘The specimen is embedded in polybutyl methacrylate to produce 
an optically clear medium having highly desirable cutting properties. 
The material is fed to the microtome in extremely small increments 
by means of the thermal expansion of a metal specimen holder. The 
specimen holder is cooled by carbon dioxide gas and thus contracts. 
As the holder begins to warm and expand, it moves toward the cutting 
edge of the microtome. The length of time between cuts and the con- 
trol of the carbon dioxide determine the thickness of the microsection. 
Thus, sections of tissue having undistorted structure and uniform 
thickness of fractions of a micron may be cut, one at a time. 

Although the Bureau’s new method for obtaining very thin sections 
has given excellent results, it possesses certain limitations. The greatest 
chance for failure appears to lie in the polymerization of the embedding 
mass. However, use of low-temperature catalysts will minimize dif- 
ficulties at this stage. Efforts are now being made at the Bureau to 
apply the new sectioning method to the study of the structure of 
natural and artificial fibers found in leather, paper and textiles. 


EFFECT OF SIMULATED SERVICE CONDITIONS ON PLASTICS 


The use of laminated plastics in aircraft has increased during the 
past few years, especially in accessories and semi-structural parts, such 
as partitions, linings, propellers, and wing flaps. There has accordingly 
developed a need for more information regarding the action of the 
weather, temperature, and humidity in order to evaluate these plastics 
for aircraft applications and to prepare specifications. 

To provide the necessary data, the National Bureau of Standards 
under the sponsorship of the National Advisory Committee for Aero- 
nautics undertook an investigation to determine the effects of simulated 
service conditions on the weight, dimensions, and flexural properties 
of phenolic and unsaturated-polyester plastics. The test materials 
were commercial products and included nine laminated plastics which 
are the types commonly employed in aircraft. 

For accelerated weather testing the specimens were subjected to 
cycles of ultraviolet light and fog while the accelerated service tests 
consisted of exposure to various temperatures and relative humidities. 
Three sets of specimens were exposed for one year to outdoor weathering. 
Changes in weight, dimensions, and flexural properties were the cri- 
teria used in analyzing the data gained. In most of the tests the changes 
in weight and dimensions were negative, any positive changes being 
in thickness. In several cases increases in flexural strength were noted 
and attributed to further cure of the resins. 
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THE FRANKLIN INSTITUTE 


MEDAL DAY PROCEEDINGS 


The annual reception, dinner, and presentation of awards, known as 
‘*Medal Day,” took place at The Franklin Institute on Wednesday, 
October 19, 1949. The reception began at 6:30 P.M. and dinner was 
served at 7:20 p.m. Mr. Richard T. Nalle, President of the Institute, 
presided at the dinner and presented the subsequent awards. 


RECEPTION 


The reception preceding the dinner was given by the Hostess Com- 
mittee of The Franklin Institute, and was attended by 294 persons. 
Immediately following the reception and just before dinner was served 
in Franklin Hall, Mr. Nalle requested the guests to face the flag above 
the Franklin statue while Mr. Guy Marriner, director of music at The 
Institute, played the National Anthem. 


REMARKS OF THE PRESIDENT 


Mr. NALLeE: “Tonight we honor a group of individuals who, by 
dedicating their talents and energies to the investigation of scientific 
problems, have furthered the value of science in our daily lives. 

“The curiosity which prompts such investigation, and the practi- 
cal channelling of that curiosity, is assuredly in line with Benjamin 
Franklin’s character. That early American gentleman had the most 
profound respect for every phase of science, but most especially for its 
practical application to living. He would certainly approve of the 
work of the scientists gathered here. 

“Therefore, may I propose, ladies and gentlemen, a toast on this 
Medal Day to the living memory of Benjamin Franklin.” 

* * * 


Mr. NALLE (continued): ‘‘On behalf of the Board of Managers and 
Officers of The Franklin Institute, I welcome all of you here tonight 
where we have gathered to honor thirteen men for their achievements 
in the world of Science and the Arts. 

“Our special thanks are due the Hostess Committee.. They have 
been responsible for the flowers and have given generous assistance 
to the reception.” 


STATED MONTHLY MEETING 


Mr. NALLE (continued) : ‘Tonight is also the regular stated October 
meeting of the Institute. The minutes of the last stated meeting in 
May have been published in the June issue of the JOURNAL OF THE 
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FRANKLIN INSTITUTE and, if there are no corrections or additions 
proposed at this time, they are declared approved as printed. 

“It is customary to elect recipients of the Franklin Medal to Honor- 
ary Membership in The Franklin Institute. Therefore we would like 
to hear a motion according this privilege to Dr. The Svedberg, of 
Upsala, Sweden, who is the 1949 Franklin Medalist.”’ 

A motion was made by Dr. Allen and duly seconded. 

Mr. NALLE (continued): ‘‘It has been moved and seconded that 
Dr. Svedberg be elected an honorary member of The Franklin Institute. 
Will all members of The Franklin Institute present, who are in favor 
signify by saying ‘Aye’? Contrary minded—. 

“The motion is carried and I declare Dr. Svedberg elected to 
Honorary Membership.”’ 


* * * 


Mr. NALLE (continued) :‘‘ Among us tonight are twenty-three former 
recipients of Medals given by The Franklin Institute. As I mention 
the names, cities and Awards, will each of you please rise and remain 
standing until the full roll of former Medalists is completed? To save 
time, I suggest that our applause be withheld until the names of all 
these gentlemen have been called. 

“These Medalists are: 


ForRMER MEDALISTS ATTENDING MEDAL Day—1949. 
Year Medalist City Medal 


1921 Adams, Dr. L. H. Washington, D. C. Longstreth 
1905 Alteneder, Mr. Theodore G. Philadelphia, Pa. Longstreth 
1948 Arone, Mr. Nicholas F. Philadelphia, Pa. Longstreth 
1930 Bailey, Mr. Ervin G. New York, N. Y. Longstreth 
1947 Berman, Mr. Samuel New York, N. Y. Longstreth 
1947 Billner, Mr. Karl P. Philadelphia, Pa. Brown 
1904 Clamer, Dr. G. H. Philadelphia, Pa. Cresson 
1947 Davidson, Mr. Kenneth S. M. Hoboken, N. J. Wetherill 
1946 Dodge, Mr. Ronald D. Poughkeepsie, N. Y. Certificate of Merit 
1937 Eksergian, Dr. Rupen Philadelphia, Pa. Henderson 
1945 Eksergian, Dr. Rupen Philadelphia, Pa. Levy 
1936 Hall, Mr. Peter P. G. Philadelphia, Pa. Longstreth 
1943 Heyl, Mr. Paul Renno Washington, D. C. Potts 
1947 Kent, Mr. Robert H. Aberdeen, Maryland Potts 
1948 Lovell, Dr. Clarence A. Summit, N. J. Potts 
1924 McBride, Mr. Thomas C. Philadelphia, Pa. Longstreth 
1925 Nachod, Mr. Carl P. Birmingham, N. J. Longstreth 
1923 Parks, Mr. Harry S. Pottstown, Pa. Longstreth 
1948 Rajchman, Dr. Jan A. Princeton, N. J. Levy 
1946 Southworth, Dr. George New York, N. Y. Levy 
1947 Southworth, Dr. George New York, N. WV. Ballantine 
1932 Wenner, Dr. Frank Washington, D. C. Wetherill 
1939 Wilford, Mr. E. Burke Philadelphia, Pa. Certificate of Merit 
1941 Wilson, Dr. Benjamin J. Oreland, Pa. Longstreth 
J 1915 Young, Brig. Gen. Charles D. Chester County, Pa. _ Longstreth 
Young, Brig. Gen. Charles D. Chester County, Pa. Henderson 
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Mr. NALLE (continued): ‘‘Thank you, gentlemen. Now, the next 
Order of Business is a report from the Executive Vice President and 
Secretary of the Institute, Dr. Henry Butler Allen. Dr. Allen, will 
you please make your report?” 


REPORT OF THE SECRETARY 
‘‘The Institute in 1949” 


Dr. ALLEN: ‘‘ Mr. President, Honored Guests, Members and Friends 
of the Institute. The year 1949 has seen the passing of three beloved 
members of our Board of Managers, who for many years have been 
with us on Medal Day: Mr. Malcolm Lloyd, Jr.; Mr. James S. Rogers; 
and Mr. Philip C. Staples, past president of the Institute. 

“You will have seen at your tables this evening a simple little 
folder titled ‘This Is The Franklin Institute.” Most of you know that 
the Institute’s activities embrace the Benjamin Franklin Memorial, 
the JOURNAL OF THE FRANKLIN INSTITUTE, Lecture and Meeting 
series, a technical Library, the Science Museum and Planetarium, the 
Bartol Foundation, the Industrial Research Laboratories; and tonight 
you are clearly made aware of our Medal Award activity. 

“But even though we are this year marking our 125th anniversary, 
there are quite a few other people around who still are not aware of this 
rather wide range of activities, most of which have existed since we 
were founded in 1824, ‘For the Promotion of the Mechanic Arts’—as 
the physical sciences and engineering were then known. Hence this 
little folder which is being widely distributed. 

“This year has seen some growth despite uncomfortably restricted 
means. We have had some notable gifts, such as Benjamin Franklin’s 
1757 holograph Will, given us by Mary Curtis Zimbalist in memory of 
her father Cyrus H. K. Curtis, a past benefactor. Through the aid of 
industry we have markedly improved the electrical section in our 
Museum. And-.a real start is being made toward a better exhibit of the 
science behind one branch of electrical communications through an 
outstanding exhibit of telephony now being built for us by the Bell 
Telephone Company. An intriguing illusions exhibit has been installed 
where you can go into a room in which your normal ideas about gravity 
seem to be proven all wrong. A visitors’ lounge now exists where one 
can give his or her museum feet a rest while he or she smokes and sees 
a televised football game. 

‘“‘New knowledge has been gained about cosmic rays at our Bartol 
Laboratories Where a world’s altitude record has been made by one 
of their cosmic ray captive balloons. Through their separate trust 
funds there is under construction a building near Swarthmore to house 
a new large Van de Graaff machine for studying the atom. 

“The industrial Laboratories for Research and Development in 
which 230 people are employed have been getting useful results, in- 


546 Mepat Day ProceEDINGS 


cluding, for example, aid for industry through a sonic testing device for 
grading grinding wheels; and a reading device for aiding the many thou- 
sands of semi-blind people, under a grant from the Kellogg Foundation. 

“Our Library, besides keeping up to date through current technical 
books and periodicals has put on display a noteworthy collection of 
Franklin imprints given us by Mr. Samuel H. McVitty. 

“Our Lecture series was highlighted by the first talk in the newly 
created Edward G. Budd Lectureship, endowed by his family in memory 
of that outstanding Philadelphia manufacturer, a former member of 
our Board, and one who always claimed that he got his technical start 
in our old Franklin Institute schools. And our 125th Anniversary year, 
together with the 200th Anniversary of Franklin’s classic electrical ex- 
periments (which today would be called ‘research’) were celebrated by 
a day and evening special meeting. At that time we devoted the 
afternoon to the Franklin Anniversary. A talk was given by Dr. 
Conklin, President of Franklin’s own American Philosophical Society, 
another by our past Medalist Robert A. Millikan, on Franklin’s work 
in electricity, and one by Dr. C. Guy Suits, Director of Research of the 
General Electric Company, on electrical research today. In the evening 
the Institute’s anniversary was well recognized by inimitable remarks 
from our own Senator George Wharton Pepper, and through a delightful 
story of the Institute from its founding by a great grandson of its first 
Board Chairman, our own present fellow Board member, James H. 
Robins. 

“And last but not least, we are back to peace times. Our Board 
is actively working to increase the numbers in our generous group now 
numbering about 225 people known as Friends of Franklin who give us 
life blood through current gifts of money, and to encourage larger gifts 
through bequests. 

“Since last Medal Day three new members have joined our Board: 
Mr. Francis J. Chesterman, recently President of the Bell Telephone 
Company of Penna.; Mr. E. Paul du Pont, Engineer and Manufacturer 
of Montchanin, Del.; and Mr. S. W. Rolph, Executive Vice President 
of the Electric Storage Battery Company of Philadelphia. 

“T have touched upon some of the highlights of our year 1949. We 
hope you can all visit us often. We want our Medalists to feel that 
this is their home when in Philadelphia. The Franklin Institute is 
more than just marble halls—it is, with its 5400 members all over the 
world, a living creative influence to thousands and thousands of young 
and old; worthy of your friendship and support.” 

Mr. NaAtte: ‘Thank you, Dr. Allen. And now, will the Sponsors 
for the 1949 Medal recipients please take their places?” 
ok * * 


Mr. NALLE (continued): ‘‘Most of our guests are aware that we 
celebrated our 125th year last spring on April 20th. Through that 
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century and a quarter, many amazing discoveries and inventions have 
been added to the world’s accumulated knowledge. The Institute has 
rendered a public service by acting not only as custodian in our library 
and museum of the physical record and evidence of such scientific 
achievements, but by recognizing and rewarding outstanding individuals 
who have brought new things to the scientific world. Since 1835 we 
have been making awards upon the recommendations of our carefully 
chosen Committee on Science and the Arts. 

“These awards have been established through the generosity of far- 
sighted men who wished to insure recognition over the years of the 
accomplishment of worthy scientific effort. The Science and Arts 
Committee carries the responsibility for choosing the recipients in 
accordance with the terms which accompany each award. Their time 
is devoted throughout the year to investigating outstanding develop- 
ments in science in order to determine which cases specially merit 
recognition. Because of the care and integrity exercised by the Com- 
mittee members for more than a hundred years, our awards have 
become internationally known and are highly regarded in all scien- 
tific fields. 

“Each Medalist, when he comes to the Institute to receive his 
award, is sponsored by the Chairman of the Sub-Committee from the 
Science and Arts Committee which had recommended him. This 
Sponsor gives a brief report about the candidate’s work ending with 
the citation. 

“Tonight it is a matter of great regret that three of our Medalists 
are unable to be here. Dr. The Svedberg has just taken on the duties 
of Director of the newly created Gustaf Werner Institute for Nuclear 
Chemistry and therefore could not leave his country this month. 

“Dr. Hume-Rothery also is absent because his duties at Oxford 
University prevent his leaving England just now. 

“Mr. Millspaugh, upon arrival in Philadelphia, was, unfortunately, 
taken ill and is in the Pennsylvania Hospital. 

“An invitation was extended to His Excellency, Erik Boheman, 
Swedish Ambassador to the United States, to receive the Franklin 
Medal and accompanying Report and Certificates for Dr. Svedberg. 
Greatly regretting his inability to be present, he delegated Mr. Ingemar 
Hiaggléf, Counselor of the Embassy, to represent him. 

“Sir Oliver Franks, British Ambassador to the United States, having 
likewise been invited to receive the Hume-Rothery award, being unable, 
unfortunately, to be present, duly designated Dr. William Angus Mac- 
farlane, Scientific Attaché of the Embassy, to act in his behalf. 

“The awards to the first two Medalists will be duly transmitted to 
them after presentation here tonight. That to Mr. Millspaugh will be 
taken to him as soon as circumstances permit.”’ 
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PRESENTATION OF THE LONGSTRETH MEDALS 


(To Arthur M. Young, Counsulting Engineer, New York City, N. Y.; 
William H. Millspaugh, President and Director, Centrifugal Steel, Inc., 
Sandusky, Ohio.) 


Arthur M. Young William H. Millspaugh 


Mr. NALLe: ‘I recognize Mr. Ralph H. McClarren, the Sponsor of 
Mr. Arthur M. Young.”’ 

Mr. McCarren: “Mr. President, I present Arthur M. Young for 
an award. 

“Since 1927, he has devoted most of his time to the solution of 
problems pertaining to vertical flight. The well known Bell Helicopter 
is one major result of his work. Incorporated in the Bell Helicopter is 
a special mechanism which provides stability in flight. 

“Like the airplane, the helicopter will be unstable in flight unless 
specific means are provided for stabilizing it. The ability of a pilot to 
keep his helicopter on an even keel, especially when hovering in gusty 
air, depends upon the degree of stability provided. 

“Mr. Young has made a contribution toward improving this stability 
and has applied it primarily to the single rotor helicopter. 

“In developing and improving his ideas, he made use of small scale 
flying models. This led him into designing, building and flying remote 
control models, the application of which proved unique and most 
valuable in advancing his theoretical and practical work. 

“T present Arthur M. Young, of Paoli, Pennsylvania, as a candidate 
for an Edward Longstreth Medal, ‘In recognition of his successful 
application of flying scale models to test unproven ideas in helicopter 
flight.’”’ 
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Mr. NALLE: “Mr. Young, by virtue of the power vested in me as 
President of The Franklin Institute of the State of Pennsylvania, I pre- 
sent to you this Edward Longstreth Medal and the Certificate and 
Report which accompany it. 

“I now recognize the next Sponsor, Dr. Benjamin J. Wilson,”’ 

Dr. Witson: ‘‘Mr. President, I present, in absentia, William Hulse 
Millspaugh for an award. 

“He has been largely responsible for improvements in paper-making 
machinery. By devising and successfully applying a method for re- 
moving water from the paper pulp by suction, instead of pressing 
between rolls as was done formerly, he secured, not only an increase 
in the rate of production, but an improvement in quality as well. 

“He also pioneered in the practical application of the centrifugal 
casting of rolls, and succeeded in making rolls several times as long as 
was possible to secure by use of the old method of vertical sand-core 
casting. This permitted an increase in the paper width and accordingly, 
a further increase in the rate of production of several fold. 

“I present, in absentia, William Hulse Millspaugh, of Sandusky, 
Ohio, as a candidate for an Edward Longstreth Medal, ‘In consideration 
of his outstanding contributions to the art of paper making and to his 
introduction and promotion of the art of the centrifugal casting of rolls 
for Fourdrinier machines and other purposes.’”’ 

Mr. NALLE: “It is my privilege, by the same authority, to present 
also, to Mr. Millspaugh, in absentia, an Edward Longstreth Medal, and 
the Certificate and Report which accompany it.” 


PRESENTATION OF THE Potts MEDALS 


(To John William Mauchly, President, and J. Presper Eckert, Jr., 
Vice President, Eckert-Mauchly Computer Corporation, Philadelphia, 
Pa.; and Clinton Richards Hanna, Associate Director of Research, 
Westinghouse Electric Corporation, Pittsburgh, Pa.) 


Mr. NALLE: “I now call on Dr. Richard M. Sutton, Sponsor of Dr. 
Mauchly and Mr. Eckert.” 

Dr. Sutton: ‘Mr. President, I present John William Mauchly and 
J. Presper Eckert, Jr. for awards. 

“These gentlemen are known for their distinguished work on the 
ENIAC, or the Electronic Numerical Integrator and Computer, a 
remarkable electronic calculating machine, conceived with great in- 
genuity and built on a bold scale at the University of Pennsylvania. 
Their work represents a significant combination of shrewd electronic 
design and sound engineering execution to create a computing machine 
of almost fabulous speed and accuracy. 

“The ENIAC is now installed in the service of the Ordnance De- 
partment at the Aberdeen Proving Grounds where it daily performs 


: 
| 
: 
fe 

| 


§50 Mepat Day PROCEEDINGS J. 


prodigious computing tasks. Capable of doing as many as 5000 addi- 
tions of two ten-digit numbers in one second, its speed of handling 
numbers swiftly and accurately outstrips the imagination. 

“I present John William Mauchly and J. Presper Eckert, Jr., both 
of Philadelphia, to each of whom has been awarded a Howard N. Potts 
Medal, ‘In recognition of their design and construction of the ENIAC, 
the first large-scale, general purpose, digital electronic computer, a 
machine of great accuracy which makes feasible the application of 
mathematics to problems which hitherto had either to be ignored or 
else solved in a much more laborious way.’”’ 

Mr. NALLE: “By virtue of my power as president, I present to you, 
Dr. Mauchly, this Howard N. Potts Medal and the Certificate and 
Report which accompany it. 

“Mr. Eckert, by the same authority, I hereby present to you also a 
Howard N. Potts Medal and the Certificate and Report which accom- 


pany it. 


John William Mauchly J. Presper Eckert, Jr. 


“TI recognize Dr. Benjamin J. Wilson, Sponsor of Mr. Hanna.” 

Dr. Wixson: ‘Mr. President, I present Clinton Richards Hanna 
for an award. 

“He has been largely responsible for inventing and developing a 
Tank Gun Stabilizer. Before the development of this device, it was 
customary in tank engagements for alternate tanks to halt in order to 
cover the advance of the rest of the column. While the halted tanks 
could aim and shoot their guns effectively, they became, when sta- 
tionary, ‘sitting ducks’ for the enemy artillery and were easily put out 
of commission. It was necessary to use this method, however, because 
of the difficulty of aiming-and shooting from a pitching and rolling 
tank in motion. 
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“The development of a gun stabilizer, however, changed this condi- 
tion. This device keeps the gun aligned on the target despite the pitch 
and roll of the tank. In tests, the stabilizer enabled a gunner to obtain 
better than 70 per cent hits, over a variable range up to 1200 yards 
while traveling at approximately 15 miles per hour over cross-country 
terrain. Under similar conditions, without stabilizer, fewer than 1 per 
cent hits were possible, even with experienced gunners. A further 
advantage was that approximately three times as many sighted shots 
could be made in a given time, with stabilization. 

“T present Clinton Richards Hanna, of Pittsburgh, Pennsylvania, as 
a candidate for a Howard N. Potts Medal, ‘In recognition of his initia- 


Clinton Richards Hanna 


tive in the conception and development of the Tank Gun Stabilizer, the 
value of this device in attaining accuracy of fire while the tank is in 
motion over rough terrain and in securing a greater number of aimed 
shots than was formerly possible.’”’ 

Mr. NALLE: ‘“‘By the same authority, | award you a Howard N. 
Potts Medal and Certificate and Report which accompany it.” 


PRESENTATION OF THE LEVY MEDAL 


(To Alan Stewart FitzGerald, Consulting Engineer, San Francisco, 
Calif.) 


Mr. NALLE: ‘Dr. Boehne, the Chair recognizes you as the Sponsor 


for the Levy Medal recipient.” 
Dr. BoEHNE: ‘Mr. President, I present Alan Stewart FitzGerald 


for an award. 
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‘Magnetic amplifiers are suitable for a number of important applica- 
tions for which electron tubes have hitherto been employed. Magnetic 
amplifiers, so applied, are superior to emission devices because of their / 
greater reliability, longer life, and freedom from maintenance problems. 
For applications in which a speed of response only slightly less than 
instantaneous is adequate, magnetic amplifiers play an important role. 
These include the regulation of such quantities as temperature, voltage, 
speed, and are particularly useful tools in servo-mechanism techniques. 
“The author presented and reviewed circuit arrangements and con- 
nections for combining a number of saturating reactors to form multi- 
stage magnetic amplifiers. This was followed by a procedure for com- 
puting the performance of a saturating reactor when used as a magnetic 
amplifier, so that the relation between input and output could be 


: 


Alan Stewart FitzGerald 


quantitatively expressed and indicated in the form of curves. The 
work outlines the principal elements in the design of magnetic amplifiers 
and concludes with a description of the design and construction of 
magnetic amplifiers of various types in which the performance charac- 
teristics are presented in curve and tabular form. 

“T present Alan Stewart FitzGerald, of Los Angeles, California, as 
a candidate for the Louis Edward Levy Medal, ‘In consideration of his 
papers on the subject of Magnetic Amplifiers, appearing in the October, 
November, and December 1947 issues of the JOURNAL OF THE FRANKLIN 
INSTITUTE.’”’ 

Mr. NA.LeE: ‘‘Mr. FitzGerald, by the same authority, I present to 
you the Louis E. Levy Medal, and the Certificate and Report which 
accompany it.”’ 
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PRESENTATION OF THE HENDERSON MEDAL 


(To John V. B. Duer. (Retired), Pennsylvania Railroad, Fairfield, 
Conn.) 


Mr. NALLE: “I now call upon Dr. Rupen Eksergian.” 

Dr. EKSERGIAN: ‘‘Mr. President, | present John Van Buren Duer 
for an award. 

“The Pennsylvania Railroad electrification is the world’s outstanding 
electrification, when measured by its power capacity and density of 
loading. The average power load is in the order of 150,000 KW. and 
the load factor around 70 per cent. Power is transmitted at 132,000 
volts with a trolley voltage at 11,000 volts. The most powerful loco- 
motives per unit weight are the famous G-G-1, developing a peak power 
at 8100 h.p. and a continuous rating at 4600 h.p. 


John V. B. Duer 


“While the electrification represents the culmination of a large back- 
ground from previous electrifications, it is on the other hand unique in 
many electrical, mechanical and operational characteristics. It carries 
the densest railway traffic in the world. 

“The over-all engineering and construction represents the efforts of 
a large group of supply companies and consulting engineers who con- 
tributed on electrical equipment, motive power and line construction. 

“The final responsibility for the coordination of this work, however, 
rested with John Duer, who, as electrical engineer and later as Chief 
Electrical Engineer of the Pennsylvania Railroad, showed remarkable 
insight and engineering judgment in the coordination of the work and its 
ultimate accomplishment to actual operation. 
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“His later responsibilities as Senior Officer on over-all Railway 
Engineering matters covered research developments and studies on 
steam locomotive and car equipment, on traffic surveys, including 
special problems, such as the development of a steam turbine locomotive, 
a high speed freight car truck, the bonding of rails, and colloidal coal 
developments. His efforts on standardization, both in electrical and 
mechanical equipment are particularly noteworthy. 

“T present John Van Buren Duer, of Fairfield, Connecticut, as a 
candidate for the George R. Henderson Medal, ‘In consideration of his 
judgment and guidance in the coordination of engineering matters, 
including full technical responsibility in the electrification of the 
Pennsylvania Railroad, and in recognition of his contributions and 
resourcefulness in research developments in over-all railroad problems.’”’ 

Mr. NALLe: “Mr. Duer, by the same authority, I present to you the 
George R. Henderson Medal and the Certificate and Report which 


accompany 


PRESENTATION OF: THE WETHERILL MEDALS 


(To Harlan D. Fowler, Consulting Engineer, Whittier, Calif., 
Thomas L. Fawick, President, Fawick Airflex Company, Inc., Cleve- 
land, Ohio; and Edgar Collins Bain, Vice President, Carnegie-IIlinois 
Steel Corporation, Pittsburgh, Pa.) 


Mr. Nate: “Mr. Fowler’s Sponsor, Mr. LePage, who is also 
Chairman of the Committee on Science and the Arts, is now recognized.” 

Mr. LEPaGE: “Mr. President, I present Harlan D. Fowler for an 
award. 

‘“‘He has made an important contribution to the art of airplane 
design which has resulted in increasing the safety of flying and broad- 
ening the range of usefulness of the airplane, both in civilian service 
and as a weapon of warfare. 

“The reconciliation of high top speed with safe and practical landing 
speed is, in aircraft design, one of the greatest single problems. Ob- 
viously, the minimum speed at which an airplane can sustain its weight 
is a function of its wing area. A plane with a large wing will, generally 
speaking, have a lower and, therefore, safer and more practical landing 
speed than a plane with a comparatively small wing. But such a 
machine will be handicapped in flight by too large and cumbersome a 
wing structure. 

“The problems of structurally changing the wing area in flight are 
such as to render this obvious solution of the problem impractical. 

“Our Medalist has succeeded in developing a novel wing-flap device 
which, when incorporated in the wing structure of an airplane, consti- 
tutes the aerodynamic equivalent of variable wing area. His wing-flap 
principles have been adopted by several leading aircraft manufacturers 


. 
4 
; 
q 
i 
i 
38 
Re 
i 
| 
4 


Dec., 1949.] Mepat Day PRocEEDINGS 555 


and those airplanes which incorporate these principles show remarkable 
speed range, from landing to top speed, and thereby possess performance 
characteristics which broaden their utility as well as their safety. 

“T present Harlan D. Fowler, of Whittier, Calif., as a candidate for a 
John Price Wetherill Medal, ‘In recognition of his many years of con- 
sistent endeavor directed toward a successful solution of the problem 
of variable lift airplane wings, culminating in the development of the 
Fowler Flap as an ingenious combination of variable wing area, variable 
wing camber and adjustable slot.’”’ 

Mr. NALLE: “By the same authority, I present to you a John Price 
Wetherill Medal, and the Certificate and Report which accompany it. 

“Mr. Rogers, the Chair recognizes you as the Sponsor for Mr. 
Fawick.” 


Harlan D. Fowler Thomas L. Fawick 


Mr. Rocers: ‘‘Mr. President, I present Thomas L. Fawick for an 
award. 

“The Fawick Airflex Clutch consists primarily of a pneumatic rein- 
forced rubber bag, usually of flattened shape, mounted in an annular 
space between a driving and a driven unit, the bag being vulcanized to 
one of the units and brought in contact with the other unit by admitting 
air pressure to the bag during operation. The device may be used as 
a clutch, brake, or combination of both. As the medium for trans- 
mitting torque is flexible, shaft vibrations and operating shocks are 
reduced, slight misalignment of shafts corrected, uniform loading 
secured, and simplicity of design obtained by the use of a single moving 
element. 

“IT present Thomas L. Fawick, of Cleveland, Ohio, as a candidate 
for a John Price Wetherill Medal, ‘In consideration of the adaptation 
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of the well-known qualities of rubber for expansion, flexibiliy and 
durability, to its use in the form of an inflatable tire or bag between two 
rotating members to act as a clutch, and its use between a rotating 
member and a stationary member to act as a brake, and the excellent 
design and construction of the details developed, resulting in a practical 
device, widely and successfully used in industry.’”’ 

Mr. NALttLe: ‘‘Mr. Fawick, by the same authority, I present to you 
a John Price Wetherill Medal, and the Certificate and Report which 
accompany it. 

“Mr. Francis Foley, will you please present your candidate?” 

Mr. Fotey: “Mr. President, I present Edgar Collins Bain for an 
award. 

“The hardening and tempering of steel is one of the world’s oldest 
arts but, through the efforts of men such as Dr. Bain, it has evolved 


Edgar Collins Bain 


into one of our newest sciences. For hundreds of years, men have 
hardened steel by the well known process of heating and then rapidly 
quenching. It has been determined during the past three quarters of 
a century that this hardening operation involved a change in the 
crystalline form of the steel, and that hardening resulted from the 
lowering by rapid cooling of the temperature at which this change took 
place. It has remained, however, for Dr. Bain to show that the struc- 
ture and, therefore, the hardness and mechanical properties of steel 
could be controlled by interrupting the cooling of the metal at pre- 
determined temperature levels during quenching, maintaining it at 
such temperatures for a predetermined time and then permitting it to 
cool to room temperature. This has become a standard method of 
studying the mechanism of transformation of steels and other alloys as 


4 
j 
¢ | 
| 
i 
= 
| 
| 
| 
| 
i 
| 
| 
| 


Dec., 1949.] MepaAL Day PROCEEDINGS 557 


well. Applied commercially, this process is known as ‘austempering.’ 
A new micro-structure is developed, now recognized throughout the 
metallurgical profession as ‘bainite.’ 

“T present Edgar Collins Bain, of Pittsburgh, Pa., as a candidate for 
a John Price Wetherill Medal, ‘In recognition of his pioneer investiga- 
tions into the structure of metallic alloys and particularly for his original 
work in the application of the isothermal method of studying the rates 
of transformation of austenite.’”’ 

Mr. NALLE: “Dr. Bain, by the same authority, I present to you a 
John Price Wetherill Medal, and the Certificate and Report which 
accompany it.” 


PRESENTATION OF THE CLAMER MEDAL 


(To William Hume-Rothery, Royal Society Warren Research Lec- 
turer, Metallurgical Chemistry, University of Oxford, England.) 


Mr. NALLeE: “Mr. William B. Coleman is now recognized as the 
Sponsor of the Francis J. Clamer Medalist. Dr. W. A. Macfarlane, 
Scientific Attaché to the British Embassy in Washington, has come here 
this evening as proxy for Dr. Hume-Rothery.” 


William Hume-Rothery 


Mr. CoLeMAN: “Mr. President, I present William Hume-Rothery 


for an award. 

“When metallic elements are melted together they form alloys 
having characteristic crystalline forms which largely determine their 
commercial usefulness. What type of crystalline form results has, for 
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centuries, been attributed purely to chance. There have been no laws 
to guide the metallurgist, who has had to depend entirely on past 
experience or on his own cut and try experimentation. Dr. Hume- 
Rothery has discovered a rule which relates the ratio of electrons to 
atoms in many of the solid solution alloys of many alloy systems with 
the various types of crystal structure which are found in them. The 
successful application of his rule to the crystal forms in alloys has 
resulted in the use of the designation, ‘Hume-Rothery Compounds,’ 
in referring to them. 

“T present William Hume-Rothery, of Oxford, England, as a candi- 
date for the Francis J. Clamer Medal, ‘In recognition of his brilliant 
work in scientifically determining and interpreting the structure and 
behavior of metallic equilibrium systems.’”’ 

Mr. NALLe: “Dr. Macfarlane, by the same authority, I take pleasure 
in presenting to Dr. Hume-Rothery, through you, the Francis J. Clamer 
Medal, and the Certificate and Report which accompany it.” 


PRESENTATION OF THE BALLANTINE MEDAL 


(To Sergei A. Schelkunoff, Research Mathematician, Bell Telephone 
Laboratories, Murray Hill, N. J.) 


Mr. NA.te: “Dr. Albert F. Murray is Sponsor for our Ballantine 


Medalist. The Chair recognizes Dr. Murray.” 
Dr. Murray: “Mr. President, I present Sergei A. Schelkunoff for 


an award. r 
“The ever-broadening field of radio engineering owed much of its 


progress into the newer, little-explored high frequency and microwave 
regions to our Medalist, a mathematical theorist. 

“During the past twenty years that he has been at the Bell Telephone 
Laboratories, his work has pointed the way to many important com- 
munication developments. One of these, of interest to those who ob- 
serve network television programs, concerns wave propagation in the 
coaxial cable. 

“Dr. Schelkunoff did early theoretical work on the propagation of 
microwaves in wave guides. These guides later were used extensively 
in Radar installations during World War II. He made the interesting 
discovery of the so-called TE», mode of propagation, in which the 
attenuation of the guide decreases as the transmitted frequency in- 
creases. This discovery may have a bearing on long-distance guided 
communication in the future. 

“Here are a few of the many theoretical problems on which our 
Medalist has worked: Antennas, both broadband and highly-directive 
as well as metal lens antennas; radiating horns; the study of wave 


propagation in the upper atmosphere. 


- 
4. 
4 
— 
. 
a 
| 
2 
> 
‘ 
4 
3 
| 
a 
al 
q 


Dec., 1949.] Mepat Day PROCEEDINGS 559 


“Dr. Schelkunoff, during World War II, acted as consultant on Wave 
Propagation at the U. S. Naval Station at San Diego. To his credit 
is an unusually long and impressive list of thirty-one publications. He 


is the author of three books. 
“IT present Sergei A. Schelkunoff, of New York, New York, as a 


candidate for the Stuart Ballantine Medal, ‘In consideration of his out- 


Sergei A. Schelkunoff 


standing contributions to the extension of electromagnetic wave theory, 
particularly his mathematically-based concepts so helpful to the radio 


engineer.’”’ 
Mr. NALLE: ‘By the same authority, I present to you, Dr. Schel- 


kunoff, the Stuart Ballantine Medal, and the Certificate and Report 
which accompany it.” 
PRESENTATION OF THE FRANKLIN MEDAL 


(To The Svedberg, Director, The Gustaf Werner Institute for 
Nuclear Chemistry, Upsala, Sweden.) 


Mr. NALLE: ‘‘The final Sponsor of the evening, Mr. C. H. Masland, 
II, is now recognized, to present the candidate for the Franklin Medal. 
Mr. Ingemar Haggléf, Counselor of the Swedish Embassy in Washing- 
ton, has come here this evening as proxy for Dr. Svedberg.”’ 

Mr. Mastanp: “‘Mr. President, I have the honor to present as a 
candidate for the Franklin Medal The Svedberg, for many years Pro- 
fessor of Physical Chemistry at Upsala University and, since the first 
of September of this year, Director of the Gustaf Werner Institute for 


Nuclear Chemistry at Upsala, Sweden. 
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“Ever since the invention of the wheel, of the inclined plane and of 
the lever, the invention and development of tools have been among 
the most important of man’s activities. Professor Svedberg has in- 
vented a new and very useful tool. He has developed it so that it 
performs the functions for which it was created and he has taught others 
to use it. 

“Under the influence of the earth’s gravitational field, particles 
suspended in a fluid settle. Particles of different masses settle at 
different rates. By observing this rate of sedimentation, it is possible 
to draw conclusions regarding the mass of the particles. 

‘“‘As the size of particles becomes smaller, the rate of sedimentation 
becomes slower until, when we reach particles of the size of large 
molecules, the rate of sedimentation is so slow under the influence of the 


The Svedberg 


earth's gravitational field that other factors interfere with the observa- 
tion of that rate of sedimentation. In order to secure more rapid 
sedimentation of particles of molecular size, Professor Svedberg turned 
to the centrifuge. We have centrifuges and we have super-centrifuges 
and Professor Svedberg has given us the ultracentrifuge. With these 
devices, Professor Svedberg has been able to develop centrifugal field 
intensities 900,000 times that of the earth’s gravitational field and 
centrifugal field intensities 100,000 to 200,000 times that of the earth’s 
gravitational field are in regular use for the purpose of determining 
molecular weights of molecules from the largest to the smallest, from 
the large protein molecules down to molecules as small as that of lithium 
chloride. With this device, Professor Svedberg has determined the 
weight average molecular weights of the very large molecules, par- 
ticularly proteins in which scientists are so much interested these days. 
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This method is the only method in existence for determining such 
molecular weights. 

“Mr. President, ‘In consideration of his development of the ultra- 
centrifuge, of his development of methods for use of the ultracentrifuge 
in determining molecular weights and the distribution of molecular 
weights, of high molecular weight proteins, and in consideration of his 
inspiring leadership of others in the field of colloid chemistry,’ I take 
great pleasure in pres ating The Svedberg.” 

Mr. HAGGLOF: ‘Mr. President, Professor Svedberg has asked me to 
say how very much he regrets not being able to be here to-night. On 
his behalf, I wish to express his deep gratitude for the high distinction 
that the Franklin Institute has bestowed upon him. 

“Professor Svedberg has lived and worked in the United States. 
Throughout his life he has maintained close contact with American 
scientists. He has in these ways acquired a profound knowledge of, 
and great admiration for, American science, scientists and scientific 
institutions. To have been honored by the distinguished Franklin 
Institute and to have received the Franklin Medal, the highest award 
for physical sciences in the United States, is therefore to him a very 
great satisfaction indeed. 

“On behalf of Professor Svedberg and on behalf of Sweden, his 
country and mine, I wish to thank you most sincerely.” 

Mr. NALLE: ‘‘Mr. Haggléf, it is my pleasant privilege to present 
to Dr. The Svedberg, through you, this Franklin Medal with its ac- 
companying Certificate and Report, together with a Certificate of 
Honorary Membership in The Franklin Institute.” 

“Dr. Allen, will you, as Secretary of The Institute, please assist 
Dr. Macfarlane and Mr. Haggléf in any arrangement necessary to send 
these awards to their recipients in England and Sweden?” 

Dr. ALLEN: “‘Yes indeed, Mr. Nalle.”’ 

Mr. NALLE: “It is now my pleasure to present Dr. J. Burton Nichols, 
of the duPont Experimental Station, who, as a personal friend and 
former student and colleague of Dr. Svedberg, will read to us a paper 
entitled ‘Giant Molecules in Solution,’”’ specially prepared for this 
evening’s event by Dr. Svedberg.* 

Mr. Nalle, after Dr. Nichols had read this paper, conveyed to him 
the thanks of the Institute, and dismissed the assembly with a cordial 
word and declared the meeting adjourned. 


* See page 469 for ‘Giant Molecules in Solution.” 
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MINUTES OF STATED MEETING OF THE FRANKLIN INSTITUTE 


Wednesday, November 16, 1949 


The November Stated Monthly Meeting of The Franklin Institute was held November 16, 
1949 at 8:15 p.m. together with the Joint Lecture of the Philadelphia Section of the Illuminating 
Engineering Society. The meeting took place in the Lecture Hall with a capacity house in 
attendance. 
’ President Nalle opened the short business session of the Stated meeting by announcing that 
the minutes of the October meeting appeared in the November issue of the JOURNAL OF THE 
FRANKLIN INsTITUTE and if there were no corrections they would stand approved as printed. 
There was no contrary motion. The President then called for a report from the Secretary. 
In his report the Secretary announced the following additions to the membership for the 
month of October: 


The total membership recorded as of the 30th of October was 5384. 

Two announcements of interest to the membership were made by the Secretary. The 
first concerned the Christmas Show in the Planetarium which is scheduled to open to the public 
on November 29. All were urged to come and bring their friends to see ‘‘The Star of Bethle- 
hem."’ The second announcement concerned the joint meeting of the Americal Society for 
Testing Materials and The Franklin Institute which is to be held on December 14, 1949. This 
will be a symposium on the subject ‘Research for Management” and many excellent speakers 
will be heard on this topic. 

President Nalle then welcomed the officers and the members of the Philadelphia Section of 
the Illuminating Engineering Society to their first Joint:Lecture Meeting at The Franklin 
Institute. He introduced Mr. Fred Pyle their Chairman, who in turn introduced Mr. Alston 
Rodgers, the speaker of the evening. 

Mr. Rodgers, Senior Lighting Engineer of General Electric Lighting Institute in Cleveland, 
Ohio, chose for his topic ‘‘Light Sorcery.’’ He presented an entertaining story of the science 
and research which made possible the lamps of today. He demonstrated a series of spectacular 


; audience with the mysterious “Ukelitely,"” which uses a glow lamp as a basis for a musical 


experiments with infra-red, ultra-violet and high-frequency radiations, and bewitched the 


instrument. 
Henry B. ALLEN 
Secretary 


LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members would wish to contribute. Contributions will be gratefully acknowledged and placed 
in the library. Duplicates received will be transferred to other libraries as gifts of the donor. 
Photostat Service. Photostat prints of any material in the collections can be supplied 
on request. The average cost for a print 9 X 14 inches is thirty-five cents. 
The Library and reading room are open on Mondays, Tuesdays, Fridays and Saturdays 
from 9 A.M. until 5 p.m.; Wednesdays and Thursdays from 2 P.M. until 10 P.M. 
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RECENT ADDITIONS 
ARCHITECTURE AND BUILDING 
FRANKL, LEE. Home Repairs Made Easy. 1949. 
ASTRONOMY 
Mayati, R. NEwron AND MAYALL, MARGARET. Skyshooting; Hunting the Stars. 1949. 
BIOGRAPHY 


AMERICAN DENTAL AssociATION. Horace Wells; Dentist, Father of Surgical Anesthesia. 
1948. 
CHEMISTRY AND CHEMICAL TECHNOLOGY 


Colloid Science. Volume 2. 1949. 
Fierz-Davip, Hans Epwarpb. Die Entwicklungsgeschichte der Chemie. 1945. 
GAADE, W.  Begenselen der Organisch-chemische Nomenclatuur. 1948. 


DICTIONARIES 
Blakiston’s New Gould Medical Dictionary. 1949. 
ELECTRICITY AND ELECTRICAL ENGINEERING 
Hinpe, D. W. AND HrnpeE, M. Electric and Diesel Electric Locomotives. 1948. 
ELECTRONICS 


LytTeL, ALLAN. TV Picture Projection and Enlargement. 1949. 
Gros, BERNARD. Basic Television Principles and Servicing. 1949. 


ENGINEERING 
WiLLiaMs, CLIFFORD DAvip AND Harris, Ernest C. Structural Design in Metals. 1949. 


MANUFACTURE 
Steel Plates and Their Fabrication. 1947. 

MATHEMATICS 
BoCHNER, SALOMON AND CHANDRASEKHARAN, K. Fourier Transforms. 1949. 
GOLDMAN, STANFORD. ‘Transformation Calculus and Electrical Transients. 1949. 
Horr, L. Introduction to the Differential Equations of Physics. 1948. 
Jerrreys, HAROLD. Theory of Probability. Second Edition. 1949, 
Jounson, LEE H. The Slide Rule. 1949. 
SEMPLE, J. G. AND Rotu, L. Introduction to Algebraic Geometry. 1949. 


MECHANICAL ENGINEERING 


AMERICAN SOCIETY OF TOOL ENGINEERS. Tool Engineers Handbook. 1949, 
Girvin, HARvEY F. Applied Mechanics. Second Edition. 1949. 


METALLURGY 
Scuuize, R. Burt. Aluminum and Magnesium Design. 1949. 
PHYSICS 


CHALMERS, JOHN ALAN. Atmospheric Electricity. 1949. 
Jaxos, Max. Heat Transfer. Volume 1. 1949. 
Rossi, BRUNO B. AND StausB, HANs HErnricH. Ionization Chambers and Counters. 


RuSHBOOKE, G. S. Introduction to Statistical Mechanics. 1949, 
RADIO 


FEDERAL TELEPHONE AND RApIO Corp. Reference Data for Radio Engineers. 
Edition. 1949, 
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SANITARY ENGINEERING 
HARDENBERGH, WILLIAM A. Water Supply and Purification. Second Edition. 1949. 


STEAM ENGINEERING 


Potter, PHILLIP J. Steam Power Plants. 1949. 
wooD 
A Glossary of Wood. 1948. 


CORKHILL, THOMAS. 


MUSEUM 


Astronomy being the oldest of the sciences, it is inevitable that shreds of very ancient 
beliefs should still cling to its fringes in spite of all that astronomers can do to dislodge them. 
However, education has done much to free the human mind from the tyranny of superstitious 
faith in celestial omens and portents. Simple natural phenomena, such as a solar eclipse or 
the more rare appearance of a comet, could strike terror into a whole population. Our thinking 
has progressed beyond this state of ignorant superstition but fear of the future plays such an 
important role in people’s lives that a conspicuous blot upon the intelligence of our contem- 
porary thought is the widespread belief in astrology. 

On the other hand, certain celestial phenomena, like the rainbow, have always been re- 
garded as favorable omens, although their credibility was no greater than that of the evil 
omens, since all depended upon quite simple natural causes. The one celestial phenomenon 
which has retained its grip upon the imagination of multitudes is the Star of Bethlehem. 
Without denying that the appearance of this star might have had a supernatural origin, as- 
tronomers have submitted the question to a careful examination with a view to ascertaining 
whether or not there is a rational explanation for the appearance of some unusual celestial 
object at the time of the Nativity. Their investigations have brought to light some exceedingly 
interesting information relating to the errors which have crept into our accounting of time, and 
to the odd combinations in proximity which result from the planetary motions. 

Each year during the month of December it is customary to devote the Planetarium dem- 
onstration to describing the various celestial phenomena which could have had an especial 
significance to the minds of those who saw the Star of Bethlehem. The extraordinary flex’? lity 
of the planetarium instrument enables the demonstrator to reproduce the skies as they appeared 
at the time in Palestine. This leads to an account of a rare conjunction of planets which 
occurred in the year 7 B.C. and to reasons why the possible date of the Saviour’s birth should 
be post-dated to that year. The whole makes a story of absorbing interest. 

: The scientific aspect of the heavens at about the time of the Nativity having been ade- 
| quately treated, the devotional aspect is then emphasized. Appropriate music and the 
ingenious applications of light and color are used to tell the story of the Nativity. 

This annual demonstration has become a well established tradition of Philadelphia's 
Christmas week, and is attended by thousands of people who find this a most acceptable oppor- 
tunity for recapturing the spirit of the season. Those who witness the demonstration for the 
first time almost invariably remark upon the impressive nature of the effort to combine the 
wisdom of today with the simple faith of the past in order to tell a complete story of an event, 
the spiritual significance of which has been and will continue to have an enduring influence. 


JOURNAL OF THE FRANKLIN INSTITUTE 


The following papers will appear in the JoURNAL within the next few months: 
Coutson, THoMaAs: The Franklin Institute from 1824 to 1949. 
Fano, Ropert M.: Theoretical Limitations on the Broadband Matching of Arbitrary Im- 


pedances. 
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Fano, RosBert M.: A Note on the Solution of Certain Approximation Problems in Network 
Synthesis. 

OuGHTON, CHARLES D.: Xerography. 

Minamiozi, K. AND H. Oxuso: A Note on the Notch Effect of Metals. 

SussKIND, CHARLES: Henry Cavendish, Electrician. 

BoyajiAn, A.: Origin and Meaning of Circular and Hyperbolic Functions in Electrical Engi- 

neering. 

SILBERSTEIN, LupviG: Developable and Developed Silver Halide Grains. 

Roop, WENDELL P.: The Part of Octahedral Theory in the Study of the Plasticity of Metals. 

HERSHBERGER, W. D. AND L. E. Norton: Servo Theory Applied to Frequency Stabilization 
with Spectral Lines. 

LEITNER, A. AND R. D. SPENCE: The Oblate Spheroidal Wave Functions. 


MEMBERSHIP 


ACTIVE MEMBERS ELECTED AT THE MEETING OF THE 
BOARD OF MANAGERS, NOVEMBER 16, 1949 


ACTIVE FAMILY 


Alfred J. Cooke Allen A. Gale Albert Greenberg, Sr. 
Maurice J. Cooper Clyde H. Stephens 


ACTIVE 
William L. Davis 


Frederick H. Allen, M.D. Walter Mulligan 


Alfred Arden Bernard R. Horn W. A. Myers 
Royden Astley, M.D. Joseph La Rocca, Jr. J. W. Noll 

Ardrey M. Bounds William L. Lyon Arnold Raines 
Walter E. Champlin Robert E. Mack Robert F. Robbins 
Frank Wade Conway William F. Maxfield Edward Semel 
Raymond B. Crean Leo P. McManus Lewis S. Somers 
Louis Davis George B. Thomas 


ACTIVE NON-RESIDENT 


Richard Kroth Francis J. O’Brien David E. Pearsall 
Robert McKinley, Jr. Paul Wengraf 


NECROLOGY 


Harry W. Ellis '36 George Walter Jarrett '46 F. M. Murphy °43 

Charles L. Gabriel '45 W. J. Jeffries ’42 John H. Packard ’89 
Jonathan Godfrey '40 Jack Kapp 48 Ralph Pemberton, M.D. '24 
Sigmund S. Greenbaum, Joseph A. Martocello '21 Frank H. Stewart ’20 


M.D. ’48 James H. McKee, M.D. ’48 Walter S. Thomson '36 


BARTOL RESEARCH FOUNDATION 


Deuteron Bombardment of and C'*.*—-E. L. HupspetH Anp C. P. Swann.. Further 
bombardments of N™ have been made with 1.05 Mev deuterons. The arrangement was 
identical with that previously reported, except that the gas cell was covered with nickel rather 
than aluminum foil. This change was made when we found that the reaction Al(d,n) was 
producing an objectionable background. Under these conditions, we find that the neutrons 
from N'4(d,n) belong to only one group; a second group observed in this work probably arises 
from carbon contamination. It is therefore likely that N“(d,n) is a good source of mono- 
chromatic neutrons. Our results are in agreement with observations recently made in another 
laboratory,' but differ from earlier results. 
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The C'*(d,m) reaction has also been observed with a target of BaCO; which was enriched 
about 40 per cent in C“%. The calculated Q-value for the formation of N" in its ground state 
is 8.02 Mev, and we have observed neutrons corresponding to this case. Other groups, ex- 
pected from consideration of the known excited levels of N', are also observed. The C'(d,n) 
reaction yields more than twice as many neutrons as C!*(d,n) for deuterons of 1.26 Mev energy. 

* Work in progress. 

1W. M. Gipson ana D. L. Livesey, Proc. Phys. Soc. (London), Vol. 60, p. 523 (1948). 


Abstract of An Investigation of the Disintegration Schemes of Ru!“ and Rb**.*—C. E. 
MANDEVILLE AND E. SHAPIRO. ‘The disintegration schemes of the 42-day Ru'® and the 19-day 
Rb** have been studied with the use of absorption and coincidence methods. Ninety-two 
per cent of the disintegrations of Ru'® proceed by way of an inner beta ray group at 0.15 Mev 
coincident in time with a gamma ray of energy 0.52 Mev, which is (4 + 1) per cent converted. 
A harder beta spectrum having a maximum energy of 0.68 Mev leads to the ground state of 
Rh?%, 

It is estimated that (12 + 2) per cent of the beta rays of Rb** are contained in the inner 
spectrum. Absorption measurements confirm the energy values given by the Indiana group. 


* As yet unpublished, but to appear in the Physical Review. 


Unpublished Notes.—Dr. S. C. Snowpon. 
Ton Source 

The possibility of using 10 cm. microwave radiation for the efficient production of protons 
and deuterons in the Van de Graaff generator is being investigated. Since a small region of 
the order of a cubic millimeter can be efficiently ionized with microwave energy, it was thought 
that the gas and power consumption of the source could be kept to a minimum by the use of 
10 cm. CW microwave power. At present the CW magnetron supplying 100 watts and the 
R.F. voltage necessary for the Cockroft-Walton cascade rectifier (60 K.V.) are available. The 
oil insulated cascade rectifier and the vacuum system for testing have yet to be built. 


Spectrometer 

A large air-core double magnetic lens spectrometer for measuring beta-ray and gamma- 
ray energies is under consideration. The necessary copper and motor generator set with amp- 
lidyne control are available. A detailed theoretical investigation of the actual trajectory— 
accurate to the third order in the initial slope—of an electron in an immersion lens has been 
completed. The coil design should be able to handle quite high currents but, at present, we 
are keeping the power requirements down to 20 K.W. and expect to be able to focus three Mev 
beta-particles with high gathering power (1 to 10 per cent of a sphere) and with moderate 
resolution (1 to 3 per cent). 


THE FRANKLIN INSTITUTE LABORATORIES FOR 
RESEARCH AND DEVELOPMENT 


Abstract of A New Fourier Coefficient Harmonic Analyzer.'\—S. Cuarp.?. The Fourier 
coefficient harmonic analyzer is a device for evaluating the Fourier coefficients of periodic 
waves, or sections of complex waves which are assumed to be periodic outside of the interval 
within which the wave is to be analyzed. The machine (Fig. 1) can be considered to be a 
special-purpose differential analyzer, permanently interconnected to solve for the Fourier 
coefficients. Figure 2, a top front view of the analyzer with the protective cover removed, 


1 AIEE Paper 49-163, presented at the ATEE Summer General Meeting, Swampscott, 
Mass., June 22, 1949. AJEE Proceedings, Section T9163, Vol. 68 (1949). 

2 Senior Research Engineer, The Franklin Institute Laboratories for Research and Devel- 
opment, Philadelphia 3, Pa. The harmonic analyzer was developed while the author was 
Research Associate in Electrical Engineering, Moore School of Electrical Engineering, Uni- 
versity Of Pennsylvania, Philadelphia, Pa. 
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shows the ball and roller type mechanical integrators which carry out the following integra- 
tions for the coefficients: 


1 per 
Ao == F(6)d8, 
1 
An =~ f F(6) cos nods, 


1 
B, sf F(@) sin 


= Ao/2 + 2 An cos nd + B, sin 
1 1 


Fic. 1. Over-all view of the harmonic analyzer. 


The function, F(6), is the wave whose periodical components are desired. In accordance 
with the theory of the Fourier series, it is also assumed to be given by the series in Eq. 4. 
The coefficient Ao is developed by an integrator whose incremental output is given by 


« F(6)d0. (5) 
This relationship can be used in Eq. 2 and 3 resulting in: 


A, = cos F(6)d0] = cos n6dAo, (6) 


B, = sin F(6)d0] = sin 


(2) 
and 
is 
| 
and 
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With Eq. 1, these equations are much more suitable for mechanical solution. Since the sine 
and cosine coefficients of the Fourier series are developed in this machine, the magnitude and 
phase of each frequency component can be determined by the following: 


C, = (An? + (8) 


and 


gn = (B,/An). (9) 


Four ball and roller integrators are used in the analyzer; three to perform the integrations 
called for in Eqs. 1, 6, and 7, and one to serve as a variable speed drive to adjust for frequency, 
obviating the use of change gears. The outputs of the integrators are individually recorded on 
counters, located at the front upper left hand part of the analyzer These can be read to 
0.02 revolution 


Fic. 2. Top front view of the analyzer with plastic cover removed. 


The Fourier coefficients are related to the counter readings as follows: 


_ Counter Reading 


Ag 570K + 2f ave, (10) 
A, = Counter Reading /576K, (11) 
and 
B, = Counter Reading/576K. (12) 
Here, 
K= or = conversion factor to change the physical measured data to inches 
J min 


displacement along the plotted curve, 

favg = arithmetic mean of the peak to peak values of the function F(6) 
to be analyzed, 

fmax = maximum value of the function F(@), and 

fmin = minimum value of the function F(6). 


The curve to be analyzed is plotted on a piece of paper to a size not greater than 5 X 10 
in. Itis then wrapped around the plastic cylinder shown in Fig. 2 and inserted in the machine. 
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When the machine is in operation, the cylinder rotates an amount proportional to the inde- 
pendent variable. The operator tracks the curve by sighting through an eyepiece and turning 
the tracking handwheel located on the front panel. This operation introduces the function 
F(6) into the integrator which solves for Eq. 1, the output of which is the differential input to 
the integrators for Eqs. 6 and 7. The sine and cosine integrands of these latter equations are 
developed by a Scotch-yoke mechanism. 

Each time the curve is scanned the Fourier coefficients for that harmonic appear on the 
counters. The frequency is altered by adjusting the variable speed-drive to the Scotch-yoke. 

Since the completion of the machine it has been applied to solving problems in many 
engineering fields including studies in servo-mechansims, crystal structure periodicities, radar 


tracking of airplanes, and others. 


a 
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NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION 


Seminar on Pathological Sera.—Dr. Kai O. PEDERSEN of the In- 
stitute of Physical Chemistry of the University of Upsala, Sweden, 
addressed the Seminar of the Biochemical Research Foundation on 
Wednesday afternoon, June first. 

For a number of years Dr. Pedersen has utilized the Svedberg ultra- 
centrifuge and the Tiselius electrophoresis apparatus to examine patho- 
logical sera furnished by Dr. Jan Waldenstrém of the University 
Medical Clinic. Dr. Waldenstrém has supplemented the ultracentrif- 
ugal and electrophoretic analyses by salt fractionation and Kjeldahl 
analyses, by measurements of specific gravity, refractive index, and 
relative viscosity at 13° and 37° C., and by the formol gel, cadmium, 
and alcacid tests. The more recent electrophoretic work has been 
carried out in collaboration with Dr. Niels Harboe of the University 
of Copenhagen. 

In the ultracentrifuge diagram of normal human serum, the albumin 
is found in the boundary with a sedimentation constant of 4.5S. The 
alpha globulin is divided between the 4.5 S and 20 S boundaries, and the 
beta globulin among the 4.5 S, 7 S, and X boundaries; the gamma 
globulin appears almost always to sediment with the 7 S boundary. 

Many pathological sera are characterized by hyperglobulinemia. 
In severe burns and in acute infections accompanied by tissue destruc- 
tion (acute tuberculosis, pneumonia, cancer with metastases) there is 
an increase of alpha globulin; the globulin thus formed sediments with 
the 4.5 S boundary. In certain renal diseases there is an increase of 
the alpha and beta components in electrophoresis, and of the 4.5 S 
component in the ultracentrifuge. In most cases where there is an 
increase in the total plasma protein, however, the augmentation is due 
to an increase in the gamma globulin, and this is usually correlated with — 
an increase in the 7 S component. 

In some cases of myeloma there may be an increase of one of the 
slow moving beta components; this is correlated either with an increase 
in the 7 S component or with the appearance of a new component of 
sedimentation constant 11 S. In a few rare cases of essential macro- 
globulinemia (Waldenstrém, J., Acta Med. Scand., 117, 216 (1944)), a 
very high concentration of the 20 S component has been found. This is 
associated with the beta or gamma globulin in electrophoresis. It 
always gives rise to a sharp and well-defined component both in electro- 
phoresis and in the salting-out procedure of Derrien (Svensk. Kem. Tid., 
59, 139 (1947)). The molecular weight is about one million. Augmen- 
tation of this component confers certain abnormal characteristics on the 
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serum: high relative viscosity with a negative temperature coefficient, 
leading to a viscosity index, 100-m3°/n3s77 (Waldenstrém, Joc. cit.), above 
the normal value of 100; high euglobulin content; and rapid formol gel, 
cadmium, and alcacid tests. 

Dr. Pedersen and Dr. Waldenstrém in collaboration with Dr. Sonck 
of Helsingfors have chosen lymphogranuloma venereum, a compara- 


| Alb No 186 


No A55 


No200 Alb No A167 


Fic. 1. Electrophoretic diagrams from nine cases of lymphogranuloma 
venereum with varying hyperglobulinemia. 


tively rare disease in Sweden, as a type of chronic virus infection. In 
the serum of patients with this disease (Fig. 1) the globulin concentra- 
tions are high and the albumin concentrations low. The increased 
globulin is associated with the gamma globulin, and forms a very 
broad boundary; the sedimentation constant is 7 S. The relative 
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viscosity of the serum parallels the gamma globulin content and exhibits 
no pathological temperature coefficient. The formol gel and other 
tests are rapid. When separated by salt fractionation methods, the 
gamma globulin from lymphogranuloma venereum is apparently in- 
homogeneous with respect to both charge and mass. 

Successful treatment of the disease by sulfa drugs or other thera- 
peutic measures is accompanied by a drop in the gamma globulin con- 
centration of the serum. The excess gamma globulin thus appears to 
be a pathological globulin produced in response to the infection, rather 
than an antibody; serological tests will be required to verify this 
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Fic. 2. Sedimentation of the pathological globulin from a case of multiple myeloma. 
Variation of sedimentation constant with concentration and temperature. Ordinate: sedi- 
mentation constant, $20. Abscissa: concentration of globulin, in refractive units. Heavy 
curve: measurements at 22°C. Dashed curve: measurements at 10°C. 


hypothesis. The production of the pathological globulin is apparently 
the primary change produced in the serum as the result of the disease. 
The reduced albumin concentration is believed to be a secondary change, 
for the extent of the reduction appears to vary with, and possibly to be 
determined by, the concentration of pathological globulin (see Fig. 1). 

Occasional instances of hyperglobulinemia with increased gamma 
globulin such as characterizes lymphogranuloma venereum have been 
found with no apparent pathological cause. The condition might 
reasonably be the result of chronic infection by a non-pathogenic virus; 
it has not, however, responded to treatment with sulfa drugs. Hyper- 
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globulinemia with increased gamma globulin has also been found in 
liver cirrhosis. 

A different type of pathological globulin is produced in myeloma. 
One sample of myelomatous serum contained 58 per cent of betae 
globulin; the pathological globulin could be separated as a homogeneous 


0.15 0.15 


6-80mm 6=30mm 

an =0.00046 an = 0.00349 
5292755 5 5992 8.59 S 


t= 90° 
6=20mm 6=3mm 
ran =0.00468 an =0.00692 
=8.35 S 7.92 S 


Fic. 3. Sedimentation of the pathological globulin from a case of multiple myeloma 
Sedimentation boundaries at 22° C. for various concentrations of the globulin. Ordinates: 
scale line displacements, in mm. Abscissae: distances from center of rotation, in cm. The 
symbols in each block have the following significance: ¢ = time in minutes from the attain- 
ment of full rotor speed; 6 = distance from the scale to the middle of the cell; An = globulin 
concentration in refractive units; 52 = sedimentation constant. 


component by salt fractionation methods (Derrien, Y., loc. cit.). Other 
samples of myeloma serum contained much gamma globulin, whereas 
both alpha and beta globulins were normal. In each instance the 
pathological component gave a sharp boundary on electrophoresis and 
a homogeneous component on salt precipitation. The salt precipita- 
tion ranges varied, however, with the mobility. 
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A patient in the early stages of myeloma showed a moderate increase 
of gamma globulin, with little change in the other components of the 
serum. Three years later the same patient, in the terminal stages, 
showed a large increase of gamma globulin. 

A sample of myeloma serum from Holland separated spontaneously 
at 2° C. into two layers, the lower of which proved to be a concentrated 
solution of the pathological globulin. When separated and purified, 
the lower layer provided an excellent source of material for investigation 
of the pathological component. ‘The sedimentation constant was found 
to vary with concentration as shown in Fig. 2. At 22°C. it had a 
maximum value of about 52 = 8.5 S at a refractive increment of 0.007 
(An = 0.002 ~ 1%). The occurrence of a maximum is evidence of 
an association-dissociation reaction. The change in shape of the sedi- 
mentation boundaries with concentration of the globulin at this tem- 
perature (Fig. 3) is further indication of this type of reaction. At 10° C. 
the points followed the dashed line shown above the heavy curve in 
Fig. 2. If dissociation occurred at all at this temperature, it took place 
at a concentration below 1 per cent. The value for seo extrapolated to 
zero concentration was 11S. On the other hand, at 30° C. the points 
were situated below the heavy curve in Fig. 2, an indication of the 
presence of monomers. Dissociation appeared to be complete at this 
temperature in the concentration range studied. The limiting value 
for Soo was 7 S. Diffusion measurements at 20° C. showed a profound 
dependence of the diffusion constant on concentration. When the 
protein was diffused against pure buffer solution, the curves were ex- 
tremely skew. When diffusion was carried out with two solutions of 
the same globulin differing only slightly in concentration, the curves 
were symmetrical, but the diffusion constant varied strongly with 
concentration. 

In liver cirrhosis there is apt to be a large increase in gamma globulin 
and in the 7 S component, a decrease in the alpha and beta globulins. 
In Cushing’s syndrome the alpha and beta globulins are fairly constant ; 
the decreased total protein content is caused by the decrease in albumin 
and gamma globulin. <A typhoid patient with complete loss of appetite 
showed an extremely low content of albumin and of total protein, with 
almost normal values for the alpha and beta globulins. With return 
of appetite the patient recovered, and recovery was paralleled by return 
of the albumin content to normal. 

It is apparent that the hyperglobulinemia which characterizes many 
diseases can manifest itself in numerous ways. The results so far ob- 
tained have encouraged the investigators in their hope that physico- 
chemical methods may give a clearer insight into protein derangement 
than has hitherto been possible. 
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BOOK REVIEWS 


MAX PLANCcK’s SCIENTIFIC AUTOBIOGRAPHY AND OTHER PAPERS, translated from the German 
by Frank Gaynor. 192 pages, 14 X 22 cm. New York, The Philosophical Library, 
1949. Price, $3.75. 

It is hard to believe that almost half a century has passed since Planck made his first 
disclosure of the law of radiation and its deduction which raised him to the front rank of 
physicists of all time. He was not a prolific writer but he was certain of an interested audience 
whenever he chose to write or speak, and this small volume of essays is the pendant which com- 
pletes his work. ‘The essays deal with problems which, for many decades, occupied the mind 
of this great thinker, such as:—true and fictitious issues in science, the meaning and limit of 
exact science, physics and causality, natural science and the religious world. All belong to 
the period near the end of his life, so that they represent the essence of his teaching. 

There is nothing in the volume which ranks with the two papers Planck presented before 
the Berlin Physical Society in 1900, establishing him as a thinker of the foremost order. Such 
was not to be expected for it is not given to a single human being to produce two conceptions 
equalling in importance the conception of the quantum theory. 

The autobiographical fragment which gives title to the volume is of especial significance. 
In the simplest possible terms and with great charm the living mind of a great contemporaty 
is unfolded. It tells how the first papers of the young student were not even read by the famous 
men at whose feet he sat. Helmholtz and Kirchhoff, under whom he studied, so ignored him 
that they contributed little to his mental advancement. Clausius did not even answer his 
letters. Rebuffed by the men who would have found it easiest to appreciate his work, Planck 
continued in his own lonely way, obeying an inner call, until he arrived at the great problem 
for which the path he had taken without guidance proved to be the best preparation. Thus 
he was able to recognize and to formulate, from measurement of radiations, the law which 
bears and immortalizes his name. Acceptance was not achieved without a struggle and the 
experiences through which he passed led him to the sad reflection that ‘‘a new scientific truth 
does not triumph by convincing its opponents and making them see the light, but rather 
because its opponents eventually die, and a new generation grows up that is familiar with it.” 

This sketch of the mental development of a man who looked upon the search for the 
absolute as the noblest and most worth while task of the scientist is a document of touching 
simplicity. Everyone interested in the evolution of a great physical principle will benefit from 
its reading, although the story is carried only up to the stage where Bohr laid the foundation for 
a reasonable unification of the quantum theory with classical theory, and Schrédinger created 
wave mechanics and thereby the dualism between wave and particle. 

Planck’s long life was not all serenity. The controversy over his first original ideas, 
waged by Boltzmann, the atomist, against Ernst Mach, Ostwald, and the Energetics engen- 
dered no small amount of heat and irritation, but it is graciously overlooked in this retro- 
spective view. Nor will any allusion be found to the bitter personal tragedies of his life, 
the death in action of his soldier son, and the stunning loss of his second son in the reign of 
terror which followed upon the attempt on Hitler’s life in 1945. These were terrible blows to 
a man whose private life would otherwise have been as beautiful and contented as any man 
could wish for. The aloofness of his mind from personal sorrows is reflected in the omission 
to all allusions which would have caused Max Planck’s recollections to be tinged with bitterness 
and disappointment. His admirers and his biographers will find this all too brief outline of 


his intellectual development a valuable work, not on any account to be overlooked. 


* Basic ELECTRONICS, by Royce G. Kloeffler and Maurice W. Horrell. 435 pages, 15 X 23 cm., 
drawings and photographs. New York, John Wiley & Sons, Inc., 1949. Price, $5.00. 
“Basic Electronics” is less basic than it is\comprehensive. The authors have attempted 

to introduce the entire field of electronics emphasizing the multitude of operations that can be 
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performed within this field, and they have done this very skilfully. Examples of every type 
of electron tube from the proximity fuse sub-miniature to the cavity magnetron used in pulse 
radar are discussed. Electronic apparatus ranging from the simple photocell exposure meter 
to the electron microscope and the G. E. betatron is described. 

One of the most important points in justification of this book is its up-to-dateness, for it 
includes such recent developments as the Bell Telephone Laboratories’ transistor and R. C. A.’s 
triode mechano-electronic transducer. It also includes the large variety of devices such as 
germanium and silicon crystals developed for radar and other purposes during the War. 

Nearly every page of the volume contains some sort of illustration. In most cases these are 
drawings prepared to illustrate a teaching point discussed in the text; there are few vague 
apparatus photographs so often found in this type of non-mathematical treatment. Although 
the book is primarily descriptive, the use of these well-drawn, line illustrations and a simple 
choice of words convey a large amount of information. 

The authors state in the preface that they intend this as a first course in electronics. The 
reviewer feels that the book provides material adequate for a first course in electronics for 
the liberal education of electrical power majors, general engineering students and those who do 
not intend to specialize in electronics. However, the rigorous preparation required for pro- 
fessional performance in electronics and communications indicates that a more thorough 
grounding in the physics of fundamental electrical phenomena would be a more profitable 
starting point than this general survey. The volume is useful for teaching purposes but has 


little value as a reference. 
C. W. HARGENS 


CuymiA, ANNUAL STUDIES IN THE History OF CHEMISTRY, Tenney L,. Davis, Editor in Chief. 
Volume 2, 143 pages, illustrations, 15 X 24cm. Philadelphia, University of Pennsylvania 
Press, 1949. Price, $4.00. 

It is a pleasure to record the appearance of the second volume of this interesting series. 
However, one regrets the untimely death of Mr. Davis, for as editor of these first two volumes 
he has builded well. In the present volume he has succeeded admirably in emphasizing the 
international character of the work, for more than half of the twelve articles represent the work 
of residents of five foreign countries: Canada, France, Germany, India, and the Netherlands. 
Such variety of nationality in authorship almost automatically insures the variety of subject 
matter which ‘s a desirable feature of such a volume. 

The lead article is by H. S. van Klooster and treats of the beginning of laboratory in- 
struction in chemistry in the United States. After reviewing the early teaching of chemistry in 
this country, the author discusses the work of Amos Eaton, the first teacher of practical 
chemistry in America. The subsequent introduction of laboratory teaching into other colleges 
than that of Rensselaer Polytechnic Institute is sketched briefly. 

Wilhelm Prandtl offers an interesting account of the chemical laboratory at the Bayerische 
Akademie der Wissenschaften in Munich. In the number and caliber of the teachers and in- 
dustrial chemists who have been trained there, it holds an outstanding position: The article 
is well illustrated with portraits of the laboratory's leaders and of its buildings, unfortunately 
destroyed in the last war. 

Individual studies of several figures in chemical history are given by W. Miles on Sir 
Kenelm Digby; by D. Reilly on William J. MacNeven, an Irish-American chemist, 1763-1841; 
and by R. J. Forbes on Sir Isaac Newton and his interest in chemistry. 

Personal reminiscence is contributed by Edmund P. Hillpern who writes of some personal 
qualities of Wilhelm Ostwald. As a former assistant of Ostwald, Hillpern is able to furnish 
several interesting sidelights on the former's beliefs and habits. 

R. Hooykaas discusses the experimental origin of chemical atomic and molecular theory 
before Boyle, and Mr. Davis, the editor, has contributed a well documented paper entitled 
“Pulvis fulminans”’ in which he discusses the various references to fulminating power. Other 
articles treat of some seventeenth century chemists and alchemists of Lorraine, the discovery 
of catalysis, by Désormes and Clément, the history of ambergris in India, and burning glasses. 
With its wide variety of articles and well chosen illustrations attractively presented, 
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Chymia should offer something of interest to every student of chemistry. To facilitate its 
use the editors have added a name index of the first two volumes, further emphasizing its 
permanent reference value. 


G. E. PETTENGILL 


THE SPECTROSCOPIC PROPERTIES OF URANIUM CompouNDs, by G. H. Dieke and A. B. F. 
Duncan. Volume 2, Division III, National Nuclear Energy Series, 290 pages, illustrations, 
16 X 24cm. New York, McGraw-Hill Book Co., 1949. Price, $2.75. 


This book describes in a rather complete manner the spectra of a large number of uranium 
compounds. It is one of a series, whose purpose is to record results of research done under the 
Manhattan Project and the Atomic Energy Commission. 

The descriptive part of the book deals mainly with experimental work which has taken 
place at several different laboratories. The spectroscopic work was done at Columbia and 
The Johns Hopkins Universities. The investigation of crystal structure was carried out at 
Cornell University. 

The book is divided into two parts. Part one deals with the spectroscopic properties of 
uranium compounds, while part two discusses their preparation. This is followed by three 
appendices and a bibliography. 

The first chapter of Part I discusses experimental procedures. The instruments used are 
described. The preparation of samples and the methods used for low temperature studies are 
also discussed. The chapters following discuss the crystal structure and the general features 
of the spectra of uranyl compounds. This is followed by a more detailed discussion of their 
fluorescence and absorption spectra. Other chapter headings are ‘Intensity Measurements,” 
‘Miscellaneous Observations” and ‘‘ Miscellaneous Uranium Compounds.” 

The second part begins with the chapters on the synthesis and preparation of uranyl 
compounds. There is a chapter which discusses the methods used in the study of crystal 
growth. This part is concluded with a summary of the whole work. 

The book contains as part of the appendix about eighty-five pages of tables giving wave- 
length measurements and other spectral data for many uranium compounds. 

An extensive bibliography is included which contains references not only to the spectro- 
scopic and optical properties of uranium compounds but also to other properties such as 
photochemistry, color, and crystal structure. This bibliography has the references arranged in 
chronological order beginning with the famous papers of Nichols and Howes which were 
published in 1919. 

This book deals with a highly specialized topic and consequently may not be of direct in- 
terest to a large number of scientists. It does, however, contain a great deal of information and 
should prove very valuable to persons working in the field of spectroscopy, especially those 
who are concerned with the compounds discussed. 

The results of the research performed by a large number of people are recorded in this 
volume. It therefore represents an important contribution to our total of scientific knowledge. 
MarsHALL D. EARLE 


CONSTRUCTIVE Uses oF Atomic ENERGY, edited by S.C. Rothman. 258 pages, plates, 14 X 21 


cm. New York, Harper & Brothers, 1949. Price, $3.00. 

Mr. Rothman has brought together fourteen articles by scientists in various fields, in 
an attempt to produce a book which would point up the potentialities of atomic energy for 
other than military purposes. The articles were, for the most part, written originally in tech- 
nical journals and will not be well understood by the layman. Furthermore, this method of 
assembling a book leads to an ultimate product which is not a book as a unit, but is merely 
fourteen papers bound together. 

The book shows clearly that the constructive aspects of atomic energy lie for the most 
part in research fields. The large industrial applications of atomic power for industry and 
atomic engines for aircraft are, as of July and August, 1948, applications for the future beset 
with many difficult problems. As for the uses in medicine, the article by Dr. C. P. Rhoads 
does a good job of making clear that only in rare cases can diseases be cured with atomic 
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radiations, and he feels that the important role of radioactive isotopes in medicine lies in the 
research studies they make possible, rather than in direct therapeutic application. 

Mr. Rothman, in his preface, states that the articles included in the book were chosen 
in an effort to find material which would dispel the common misconception that atomic energy 
is beyond the comprehension of the layman. I agree with him that this is a common mis- 


conception, but I do not feel that this book does much to dispel it. 
E. SHAPIRO 


FREEZE-DryiNnG, by Earl W. Flosdorf. 280 pages, illustrations, 15 X 23 cm. New York, 

Reinhold Publishing Corp., 1949. Price, $5.00. 

This is the first book entirely devoted to the subject of freeze-drying, a technique of drying 
material from the frozen state now being used for the preservation of antibiotics, foods, blood 
plasma and bacterial and viral cultures. The author has done much of the pioneer work on 
freeze-drying and is well qualified to present both the theoretical and the practical aspects of 
freeze-drying on either laboratory or industrial scale. 

One portion of this book is devoted to the basic principles of physical chemistry on which 
the technique depends and which govern the design and operation of equipment. Much of 
the remainder of the book is devoted to the practical application of freeze-drying in research 
and industry, with particular attention to the conditions under which drying is carried out, 
and the equipment used in the commercial processing of medical and food products. A com- 
plete bibliography, a list of patents in this field, and an adequate index make this book doubly 


valuable to anyone who is interested in the preservation of labile materials. 
Louis DeSpatn SMITH 


TRANSFORMATION CALCULUS AND ELECTRICAL TRANSIENTS, by Stanford Goldman. 439 
pages, 14 X 22 cm., illustrations and tables. New York, Prentice-Hall, Inc., 1949. 
Price, $6.25. 

Research and developmént workers in electrical engineering will find this book to be 
of great value as an aid in the analysis of transient electrical phenomena. Although prac- 
tically no results are presented that have not appeared in other books, something new has been 
created here in the form of a consolidation and correlation of divers subjects in the field of 
applied mathematics as they pertain to transient-analysis problems. In this book one finds 
such seemingly unrelated mathematical topics as determinants, theory of functions of a com- 
plex variable, gamma and error functions, solutions in series, Bessel functions, etc. welded into 
a single cohesive bundle and clearly presented in direct relationship to transient problems in 
which they are useful. This is a coordinated, comprehensive treatment that has been needed 
in this field and which penetrates into an old subject with a modern, expanded viewpoint. 

The principal aim of this book is to develop up-to-date methods of the Laplace transfor- 
mation and its inverse as applied to electrical networks. In accomplishing this aim certain 
mathematical topics are introduced and used in numerous specific examples. Non-linear 
circuits are not treated nor is the problem of synthesis considered. Because the mathematical 
material is also useful in other phases of electrical engineering, the reader will strengthen his 
general background as well as aquire a familiarization with the tools of transient analysis. 

Those individuals to whom the mathematics of this book is relatively unfamiliar will 
experience great difficulty if they attempt to study this book alone, despite its clarity. It 
deals largely with the important highlights of the subject rather than a thorough inquiry into 
each separate topic. This feature is apparently recognized, and partially compensated for, 
by excessive use of footnotes (over 230 of them!) many of which refer to other texts where a 
thorough treatment of the subject under discussion may be found. However, one wonders 
why an author index or bibliography has not been included, particularly because this is in the 
nature of a “consolidation” book. Perhaps it is because of the abundance of references to 
the author’s previous book, Frequency Analysis, Modulation and Noise, which, despite its 
frequent ‘‘plugging,” is a very worthwhile volume. 

A significant weakness of this book is rooted in Dr. Goldman’s attempt to bring moderately 
advanced material within the reach of college seniors. Certain topics are ridiculously simple 


ay : 
olf a 
ey 
a. 
3 
§ 
i 
ig 
| 
{ 
4 : 
; 
j 
{ 
{ 


Dec., 1949.] Book Reviews 579 
by contrast with the meaty middle and latter portions of the book. For instance, Chapter 1, 
“Determinants,” contains material that can be found in many elementary mathematics books. 
This exceedingly elementary chapter contains some examples of the use of determinants in the 
solution of network problems which may be of some value, but the phasor diagrams and ana- 
lytical geometry applications seem rather inappropriate. Similarly, a nineteen-page appendix 
“Basic Theory of Transmission Lines in the Steady State’’ (material that can be found in at 
least a half-dozen textbooks for undergraduates) seems far too long and unrelated to be justified 
by the very excellent and basic Chapter 10, ‘Transients in Transmission Lines.’’ Another 
example is the author's failure to demonstrate the disadvantages of the classical method of 
analysis which is certainly a very desirable and logical way of introducing the novice to the 
more powerful and convenient Laplace transformation method. There are other examples 
of this divergence in which it seems that the two extremes are separated too far in level. 

The net result is that many of these pages are essentially wasted. A senior in a high-level 
college would be able to cope with the first 128 pages but would tread on dangerous ground in 
proceeding further without a lengthy digression to several other works for fundamental 
background which is considered by the reviewer to be insufficient in this book for a first intro- 
duction to the subject. On the other hand, a person who is qualified to use this book to full 
advantage as a good centralized source of judiciously-selected mathematical information will 
simply ignore much of the elementary material. It would seem much better to have eliminated 
the latter, replacing it with a more complete treatment of the advanced aspects. 

ERNEST FRANK 


HEAT TRANSFER, Vol. I, by Max Jakob. 758 pages, illustrations, 15 X 23 cm. New York, 

John Wiley & Sons, Inc., 1949. Price, $12.00. 

This book is a comprehensive product of the author’s many years of activity in research 
and teaching elementary, intermediate and graduate courses on the subject, of heat transfer, 
and serves both as a treatise and as a textbook. Its main purpose is to show the development 
of ideas which led to the present state of knowledge on the subject. The main contents of 
this book, including the most important derivations, are presented in such detail that study 
of the original papers will not be necessary except in very rare cases. The book is international 
in scope, with particularly thorough coveragé of extensive German literature. 

Since the interrelation and peculiarities of conduction, convection and radiation become 
more evident in the parallel treatment, they are not dealt with separately. Accordingly, the 
first part of the book contains the basic equations of all three brancehs of heat transfer; the 
second part deals with the most characteristic properties occurring in each of these branches; 
then the solutions of the equations, with all their consequences, are shown in the conventional 
separation into special parts for each of the three kinds of heat flow as follows: Heat Conduction 
in Simple Bodies; Heat Transfer without Change of Phase or Constitution; and Heat Transfer 
{ncluding Changes of Phase. Each of these parts contains straight solutions, similarity 
treatments, techniques, graphical methods, experimental methods, etc. The treatment of 
heat radiation in spaces of simple configuration, and selected fields for application of heat 
transfer will be presented in Volume II, now in preparation. 

Appendices contain sample problems to be solved, a list of the symbols most often needed, 
conversion factors, bibliography and author index and a subject index. 

This book, like the courses of the author, should serve the needs of mechanical, chemical, 
electrical, civil, and aerodynamic engineers, and physicists alike. The presentation is, there- 
fore, an arbitrary compromise between the highly mathematical procedure in most technical 
publications and the presentation of empirical facts in others. For the benefit of readers with 
only a modest knowledge of higher mathematics, the mathematical procedures are explained 
in the first chapters and parts so that they may become acquainted with such typical features 
as finding and substituting suitable boundary conditions. The empirical material has been 
distributed throughout the text and presented wherever the analysis required it for illustration, 
verification or for showing the deficiencies of the theoretical analysis. 

SAMUEL M. BERKOWITZ 
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TABLES AzEOTROPIQUES, by Maurice Lecat. Tome premier, Azéotropes binaires orthobares. 
Deuxieme edition, 406 pages, 16 X 26cm. Bruxelles, Chez L’Auteur, 1949. Price, 1000 
Belgian francs. 

In 1918 there appeared M. Lecat’s first book on azeotropy which included some elementary 
considerations on the subject, tables of azeotropes, and a bibliography. Since that time he 
has had published some ninety works on the subject including both books and periodical 
articles. The bibliography which appeared in the 1918 volume has since been revised and 
expanded, and has been issued in two volumes, one in 1932 and the other in 1942. 

The present title represents a revision or second edition of the tables of the 1918 work. 
Those tables were divided into four parts: binary systems with minimum boiling point; binary 
systems with maximum boiling point; ternary systems and quaternary systems. There were 
2200 binary systems included and 250 ternary systems. The present volume is limited to 
binary systems and includes 6287 azeotropes and 7003 zeotropes, nearly all determined under 
760 mm. of pressure. The forthcoming second volume will treat of the ternary systems as 
well as presenting M. Lecat’s discussion of the empirical laws which may be set forth. 

The tables are arranged by groups alphabetically from Acides et Acides-cétones to Varia 
et Varia, passing through, for example, Acides et Oxydes, Cétones et Nitrodérivés, and Esters et 
Phénols. The tables include the boiling point of each constituent, their difference, the boiling 
point of the azeotrope and its deviation, and the percentage of the first constituent in the 
mixture. 

Bibliographical reference to the original sources is made by number to the entries in the 
two volumes of bibliography previously published, and in the case of M. Lecat’s own work, to 
a list included in the present volume. References later than those included in the bibliography 
are given in full. An index by author and an index of the constituents of systems have been 
included. 

In the forty odd years in which M. Lecat has been studying azeotropes, there has been a 
great increase in the knowledge of these mixtures and in their commercial importance. That 
much of this increase is due to M. Lecat will be recognized by all students of the subject and 
they will be grateful to him for providing this up-to-date comprehensive table of azeotropic 


values. 
G. E. PETTENGILL 


ALTERNATING CURRENT MACHINERY, by L. V. Bewley. 376 pages, illustrations, 16 X 24 cm. 

New York, The Macmillan Co., 1949. Price, $5.25. 

Professor Bewley, in writing this new book on alternating current machinery for junior 
and senior students in electrical engineering, no doubt kept in mind the order in which most 
newly graduated engineers encounter the most important types of electrical machinery.’ The 
book introduces the general principles of magnetic circuits, followed by transformer theory. 
The basic design principles pertinent to rotating machines precede detailed treatments of 
specific machines, again in the approximate order in which these are encountered, namely: 
polyphase induction motors; single-phase induction motors; alternating current commutator 
machines; synchronous generators and motors; and last, synchronous converters. 

What is different in this book? The author has approached the writing of this text with 
a fresh and long needed point of view, based upon his many years of industrial engineering and 
educational experience. For a long time, inadequate books on alternating current machinery 
-have adhered to concepts and methods of analysis which should long ago have been abandoned 
because of their restricted and narrow approach. Here the author has attempted to unify 
the underlying theories of electrical machinery by introducing general methods of analysis 
which hold for many kinds of rotating machines. Several new concepts are introduced in the 
book which simplify an understanding of machinery theory. 

The section devoted to transformers departs from the traditional treatment and assumes: 
(1) that all coils on the iron structure are independent, with interconnections to be made as 
desired for the transformer configurations to be studied; and (2) that the presence of a fictitious 
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short circuited coil can account for core loss. The use of differential equations greatly simplifies 
the presentation of the material. 

Since most alternating current rotating machines have coil structures which have basic 
designs in common, a realization of the importance of the many empirical and computed design 
reduction factors is called for. This is essential to a full understanding of synchronous machines. 

In an attempt to generalize the machine equations, the author has succeeded in developing 
all-inclusive basic equations for voltage generation and armature reaction which hold for a-c. or 
d-c. machines. A unification of concept naturally follows since one kind of machine differs 
from another only in the presence or absence of specific terms. 

Many such examples of essential departures from the traditional treatment of machinery 
theory appear in the book. To review them in detail with an evaluation of their merit would 
not be proper in this resumé. 

The many worked out examples and problems included in each chapter make the text 
ideal for a two semester course, to be supplemented by courses in electro-magnetic field analysis 
applied to magnetic structures. The one fault which this reviewer finds is the almost complete 
lack of references to the technical literature. This Oversight should be corrected in future 
editions to make the book more desirable as a reference work not only for electrical engineering 
students but for the practicing engineer who desires a fresh approach in a review of basic 


a-c. machinery. 
. CHARP 


Two Lectures. I. PRESENT SITUATION IN THE THEORY OF ELEMENTARY PartIcces. II. 
ELECTRON THEORY OF SUPER-Conbuctivity, by W. Heisenberg. 51 pages, 12 X 19 cm. 
New York, Cambridge University Press, 1949. No price. 

The two lectures brought together in this slim book were delivered at the Cavendish 
Laboratory in December, 1947, as introductory discussions of two interesting, and as yet 
unresolved, topics in atomic theory. It is always a great pleasure to read Professor Heisen- 
berg’s lucid work, and he is perhaps at his best when, as in these lectures, he is directing his 
attention toward the understanding of physical fundamentals. 

In the first lecture on the ‘Present Situation in the Theory of Elementary Particles” 
Heisenberg attempts to sketch, in broad outline, some necessary characteristics of a theory 
capable of describing the elementary particles. He suggests that the present quantum me- 
chanical formalism based on the Correspondence Principle cannot be expected to apply for the 
relativistic energies at which the various elementary particles inter-convert. He doubts the 
existence of a primary Hamiltonian for the elementary particles and suggests that the various 
quantized field equations now employed for the description of particular particles will appear 
as low energy approximations in a complete theory. He finally describes briefly the S-matrix 
formalism which he has developed in several papers over the past few years as a possible 
alternative description of the elementary particles. At present, as Heisenberg admits, the 
S-matrix formalism is an ‘‘empty frame,” but he implies that the attempt to discover the basic 
equations satisfied by the S-matrix is likely to prove more fruitful than the attempt to find a 
primary Hamiltonian. 

In the second lecture Heisenberg describes his and H. Koppe’s recent' theory of super- 
conductivity. In this theory Heisenberg assumes that at low temperatures the electrons at 
the top of the Fermi distribution may, through purely Coulomb interactions, form a con- 
densed phase, which has the character of a low density electron lattice, through the super- 
conductor. This assumption leads to the existence of current domains similar to the magnetic 
domains of a ferromagnet. Heisenberg describes the phenomena of super-conductivity in 
terms of the interactions between the Fermi electron gas, the ionic lattice, and the assumed 
electron lattice. He shows that the phenomenological equations of F. Landon may be derived 
from his assumptions. 

Of course, all who are interested in the subjects discussed will be eager to read these 
lectures; Professor Heisenberg requires no commendation from a reviewer. 

LEONARD EISENBUD 
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BOOK NOTES 


EXPERIMENTAL GENERAL CHEMISTRY, by J. W. Neckers, T. W. Abbott and K. A. Van Lente. 
Second edition, 307 pages, diagrams, 20 X 27 cm. New York, Thomas Y. Crowell 
Company, 1949. Price, $2.25 (paper). 

This laboratory manual for a course in general chemistry now appears in a revised edition 
to incorporate changes which observation of its use has indicated would make it more effective. 
About sixty per cent of the experiments have undergone at least partial revision. A feature 
which will commend itself both to the instructor and the student is a table correlating the 
experiments with seven different college chemistry texts. 


ELEMENTARY MODERN Puysics, by Gordon F. Hull. 503 pages, illustrations, 14 X 22 cm. 

New York, Macmillan Company, 1949. Price, $5.25. 

Originally published in 1936 under the title “‘An Elementary Survey of Modern Physics,” 
this volume has been brought up to date. No marked change has been made in the treat- 
ment of the subject matter. Primarily a college textbook, it may interest some seeking a not 
too technical presentation of the ideas of modern physics since 1895. 


ENCYCLOPEDIA OF CHEMICAL REACTIONS, compiled and edited by C. A. Jacobson. Volume 
III, 842 pages, 15 X 24cm. New York, Reinhold Publishing Corp., 1949. Price, $12.00. 
Beyond noting its appearance, there is little need to comment on this third volume of a 

useful reference work. Nineteen elements from cobalt to iridium, considering the elements 
alphabetically, are covered in this volume. This is more than in the previous volumes, since 
few reactions have been recorded in the chemical literature for the rarer elements, several of 
which are treated in this volume. Holmium and illumium are both represented by only one 
reaction; on the other hand copper has 610 and cobalt 822. The arrangement and indexes 
follow the standards set in the previous volumes. 


AMERICAN CoTToN HANDBOOK, by G. R. Merrill, A. R.‘Macormac and H. R. Mauersberger. 
Second revised edition, 943 pages, illustrations, 13 X 19 cm. New York, Textile Book 
Publishers, Inc., 1949. Price, $9.50. 

Now appearing in a second revised edition, this standard work on the various phases of 
cotton manufacture, first published in 1941, has been brought up to date. The authors, the 
same as those of the first edition, have all had considerable experience in the textile field. 

Several new chapters have been added, although to maintain the book within reasonable 
limits, some other material has been omitted. One of these new chapters is on cellulose and 
the cotton fiber, of particular interest in view of the newer developments in cotton finishing, 
many of which are based on fiber modification. The chapter on physical and chemical testing 
of fibers, yarns and fabrics has been split into two individual chapters and considerably aug- 
mented. Much new material has also been added on bleaching, dyeing and finishing. A 
chapter on “‘Nomenclature of Cotton Dyes” contains an alphabetical list of trade names giving 
the manufacturers and arranged by classes, according to fastness and dyeing properties. A 
comprehensive bibliography is included. 

In addition to the major changes noted, the work shows evidence of many minor changes 
which result in clarification of the text. Containing much valuable information, this book 
should appeal to all those who are concerned with the manufacture of cotton goods. 
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CURRENT TOPICS 


Ultra-Modern Shipping Center.—An ultra-modern $2,500,000 Shipping 
Center which employs many revolutionary new methods of material handling, 
and which will cut down from days to hours the time required to assemble 
and ship an order, has been opened at New Brunswick, N. J. by Johnson and 
Johnson. 

The new Shipping Center, located just off New Jersey Highway 27 between 
Metuchen and New Brunswick, is set on a 58-acre plot, and its 207,000 gross 
square feet of floor space is sufficient to accommodate four regulation-size 
football fields. 

This new unit is of modern industrial design. It brings into being an en- 


tirely new concept of warehousing, materials handling and shipping which is 


expected to revolutionize present methods in these fields. 

An underground drag-line system pulls especially designed trucks through 
aisles along which some 500 different items are stored. An order assembler 
precedes these trucks, taking merchandise from piles of good stacked on pallets. 
An order calling for hundreds of different items can be assembled and shipped 
within a matter of hours, whereas previously as much as several days time were 
required. ° 

To help keep this super-speed Shipping Center in high gear, three new 
inventions will be introduced for the first time: 

A four wheel drag-line truck; a hand-operated label applicator; and a 
motor-driven dockboard are the new inventions designed to better the efficient 
operation of the new center. No employee will ever have to carry a carton 
more than four feet, or lift one more than four feet. 

The drag-line trucks will follow the shipping employees around the center 
like pets anxious to carry boxes from the numerous vast stockpiles to the out- 
going trucks, or railroad cars at the sidings. Each will carry an average of 
900 Ib., with a capacity of better than 4000 Ib. 

New hand-label applicators, twelve times faster than stenciling machines, 
will also help speed surgical dressings and other J & J products on to customers. 
They are light weight, hand-operated machines that apply labels, pre-printed 
with names and addresses of customers, on shipping cases while being loaded 
on a drag-line truck. Such on-the-spot labeling will minimize errors. 

A mechanical dockboard for loading trucks is the third invention. Span- 
ning the gap between building and carrier, the dockboard is electrically oper- 
ated and can be swung into position in 10 seconds. 

The new Shipping Center has two railroad tracks on a siding which leads 
to the main line of the Pennsylvania Railroad. Fifteen railroad ‘‘car spots,”’ 
or loading and unloading bays, permit this number of cars to be loaded and 
unloaded simultaneously. Fourteen loading docks, seven for inbound and 
seven for outbound, will handle truck traffic. A special truck trailer parking 
lot will permit trailers to remain at the center until ready for loading. The 
Shipping Center’s own truck tractor will haul the trailers to a loading bay 
and then back to the trailer parking lot loaded, where their own truck tractors 
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can conveniently remove them. This will eliminate idle time for the truck 
* tractors. 

As an order is received it is coded and shipping labels are prepared for in- 
sertion in an especially designed hand applicator which the order assembler 
uses. The assemblers have a sheet on which is listed the number of cartons 
or cases called for and the stock location numbers from which they are to be 
taken and placed on the small drag-line trucks. At the end of the dragline, 
trucks are removed from the line and the order is checked. If broken lots are 
required, they are assembled adjacent to this point from a series of shelves 
of loose merchandise. Here the small lots are placed on a belt-line, and 
wrapped. Then the packages are placed on marked shelves from which they 
are removed to the previously assembled whole-carton, or whole-case order 
shipment. 

This new method of assembling and shipping an order will increase the 
capacity of the shipping plant ten times over that of the system previously 
in use. 

The Shipping Center also employs an especially designed locator board 
at the receiving docks. It is a miniature of the reserve goods area and of its 
state of merchandise occupancy at any given time. This is supplemented 
by a series of visible index cards which serve as a perpetual inventory. Asa 
pallet of merchandise is emptied in the order picking area a clip from the 
empty pallet is placed on the index card as a warning that additional reserve 
stock must be obtained from the factory. 


Fruit “Essence” Now Free of Alcohol Tax.—Consumers should soon be 
getting food products with finer fruit flavors, say U. S. Department of Agri- 
cultural researchers. Changes in the alcohol-tax laws, ordered recently by 
Congress, now permit manufacture of fruit ‘essences’ without payment of 
the $9-per-gallon tax formerly imposed. These flavor concentrates must still 
meet certain requirements, but Department scientists in the Bureau of Agri- 
cultural and Industrial Chemistry expect that the new regulations will result 
in rapid expansion of the fruit-essence industry—and in tastier fruit-flavored 
foods on your grocer’s shelves. 

A process for recovering and concentrating the volatile flavor and fragrance 
constituents of fresh apples and of grape juice has been developed by the 
Bureau at its Eastern Regional Research Laboratory in Philadelphia. Known 
technically as volatile fruit concentrates, the essences can be used by food 
manufacturers to enhance the taste and aroma of fruit products. A number 
of commercial companies are already set up to make concentrates from apples 
and other fruits by the Laboratory’s method. Their demands for fresh fruit 
will help to expand markets for this year’s tremendous apple crop. 

The new alcohol-tax regulations governing production’ of volatile fruit 
concentrates were published in the Federal Register of September 27, 1949, 
and became effective on that date. They include revisions of the Internal 
Revenue Code in accordance with public Law 240, 81st Congress, which 
exempt fruit concentrates from the tax and various other provisions of the 
beverage-alcohol laws, provided certain requirements are met. 
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dity indicator now has a fan attachment, 

154(C) 
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Research. Government-sponsored research, 
158(C) 

Robot announcer keeps factory abreast of the 
news, 230(C) 

Rocket-jet airplane, 192(C) 

Russell, J. B., E. A. Mechler and M. G. Pres- 
ton: The basis for the optimum aided- 
tracking time constant, 327 


Safety engineering. Automatically vacuum- 
cleaned workbench, 522(C) 

Sampling plan reduces inspection costs, 
440(N) 

Scanlan, R. H.: A note on analysis of beam- 
columns under aribtrary lateral load and 
end restraint, 143 

Sensitivity of photographic materials. Mini- 
mum and maximum sensitivities of 
photographic emulsions (Trivelli), 225 

Shipping center, 583(C) 

Simulated service testing. Effect of simu- 
lated service conditions on_ plastics, 
542(N) 

Sky compass, 338(N) 

Snow control. An electrical bridge de-icer, 
364(C) 

Spectrometer. 
366(C) 


The students’ spectrometer, 


Spencer, Domina Eberle and Parry Moon: 
A modern approach to ‘dimensions’, 
495 

Spray drier, portable, 466(C) 

Stability test for additive-motor oils, 440(N) 

Standardization of oil seals?, 362(C) 


Statistics. The fallacy of the best two out of 
three, 69(N) 

Steel. Action of boron in hardening steel, 
335(N) 

Story of aids to navigation, The (Coulson), 
273 

Stress-strain relations in the plastic range for 
biaxial stresses (Marin), 231 

Stress-strain. Workenhardening of metals 
(Freudenthal), 523 

Subminiaturization of intermediate frequency 
amplifiers, 437(N) 

Substance of management, The (Purves), 105 

Svedberg, The: Giant molecules in solution, 
469 

Synthetic polymers. Giant molecules in so- 
lution (Svedberg), 469 


Talgo train. New ACF-Talgo train, 191(C) 
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Target tracking. The basis for the optimum 
aided-tracking time constant (Mechler, 
Russell and Preston), 311 

Taylor, A. H., Matthew Luckiesh, Thomas 
Knowles and E. T. Leppelmeier: Inacti- 
vation of molds by germicidal ultraviolet 
energy, 311 

Technicolor. . Westinghouse Precipitron aids 
Technicolor in keeping film free of defects, 
250(C) 

Temperature. ‘The Spectra direct reading 
color temperature meter, 189(C) 

Tension testing. Workenhardening of metals 
(Freudenthal), 523 

Tension-torsion testing. Stress-strain rela- 
tions in the plastic range for biaxial 
stresses (Marin), 231 

Theoretical mechanics. Energy fluctuations 
in a van der Pol oscillator (Minorsky), 
205 

Tracking control. The basis for the optimum 
aided-tracking time constant (Mechler, 
Russell and Preston), 311 

Trains. New ACF-Talgo train, 191(C) 

Tranox. Chemical scrubwoman, 101(C) 

Transient analysis. Applications of network 
theorems in transient analysis (Yu), 381 

Transient state. Response of an elastically 
non-linear system to transient disturb- 
ances (Evaldson, Ayre and Jacobsen), 473 

Translation. Directory of translators, 104(C) 

Trivelli, A. P. H.: Minimum and maximum 
sensitivities of photographic emulsions, 
225 

Truck able to lift 110,000 Ib., 467(C) 

Tubes. Electronics-——past, present and future 
(White), 367 

Typewriters. The Minimotion 
keyboard (Griffith), 399 


typewriter 


Ultracentrifuge. Giant molecules in solution 
(Svedberg), 469 


Valves. Fluid-motor valve operator, 522(C) 

Vanadium. Preparation of vanadium pentox- 
ide sols by ion exchange (Devlin, Mc- 
Nabb and Hazel), 251 

Vaporization cooling of large electrical ma- 
chines (de Koning), 49 

Ventilation of electrical machines. Vapori- 
zation cooling of large electrical machines 
(de Koning), 49 
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Vibrations. Response of an elastically non- 
linear system to transient disturbances 
(Evaldson, Ayre and Jacobsen), 473 

Voltage standards. A_ primary high-fre- 
quency voltage standard, 438(N) 


Wear. Capacitance method of measuring 
wear, 336(N) 

Weights. Electronic scale developed to weigh 
livestock, 270(C) 
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White, W. C.: Electronics—past, present and 
future, 367 

Williams, W. A.: History of power trans- 
mission, 1 

Workhardening of metals (Freudenthal), 523 


Yu, Y. P.: Applications of network theorems 
in transient analysis, 381 


Zoo. America’s first zoo, 365(C) 
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FORCE 62,000 TIMES 
GREATER THAN 


TYPICAL 
APPLICATIONS: 


VIRUS RECOVERY 
CLAY ANALYSIS 
BLOOD SEPARATION 
ENAMEL ANALYSIS 


LABORATORY CON- 
TROL WORK FOR 
PLANT OPERATION 


TYPICAL USES: 


LABORATORY 
RESEARCH 
PILOT PLANT 


INDUSTRIAL 
OPERATIONS 


THE SHARPLES LABORATORY SUPER-CENTRIFUGE 
A continuous centrifuge utilizing a centrif- 
ugal force as high as 62,000 times gravity 


Developing the extremely high centrifugal force of 62,000 times gravity, the 
Sharples Laboratory Super-Centrifuge makes possible the rapid and continuous 
separation of immiscible liquids or the removal of solids from liquids, which 
in many cases could not be accomplished otherwise. 

This feature is one of many advantages of the Sharples Laboratory Super- 
Centrifuge that meets the demands of modern laboratory research and produc- 
tion problems. The Presurtite model of the Sharples Laboratory Super-Centrifuge 
is totally enclosed and can be used for work with live micro-organisms or with 
liquids producing toxic or inflammable vapors without the fear of contaminating 
the surrounding atmosphere. 


For complete details, write for bulletin #1235 


CORPORATION 


N FRANCISCO 5, CALIF. CLEVELAND 15, OHIO 


: Jackson Boulevard 230 Congress 686 Howard Street 453 Hippodrome Annex Bidg. 
EXECUTIVE OFFICES AND FACTORY, 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA 
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° 509 ARCH ST. 
Almo Radio Co. 
THE HOUSE OF SERVICE PHILADELPHIA 


WHOLESALE DISTRIBUTORS OF 
RADIO ELECTRONIC PARTS AND EQUIPMENT 


3 Big Stores to Serve You 


SUPPLYING BOTH THE SERVICE WEST PHILA 
AND INDUSTRIAL TRADE BRANCH 


BRANCH 
KEEP YOUR EYE ON ALMO 
6th & ORANGE STS. | The fastest growing parts distributor in the East 6205 MARKET ST. 


PHONE 5-5161 WRITE US—CALL US PHONE AL-4-1706 


Porcelite Traffic Zoning Paint 
Solves Line-Marking Problems 


Applicable to all inside or outside sur- 
faces by machine or hand, Porcelite 
Traffic Zoning Paint dries flint-hard for 
heaviest traffic in 20 to 30 minutes. 
Resists staining, retains color and visi- 
bility under severest conditions. 


THOMSON. Poxceflite PAINT CO. 


330 RACE STREET - PHILADELPHIA 6 PA 


“MEGGER’ 


ELECTRICAL TESTING 
INSTRUMENTS 


@ “Megger” Insulation Testers 

e@ “Megger” Ground Testers 

@“Megger” Direct-Reading Ohm- 
meters 


e “Frahm” Resonant-Reed Tachometers 
Frequency Meters 
e@ “Jagabi” Laboratory Rheostats 
ag, phe “Mes” Type of eIndicating Hand Tachometers, Tacho- 
Megger” Insulation Tester scopes, Tachographs and Speed Indi- 


cators 
Send for Literature e “Pointolite” Lamps e “Apiezon” Products 


JAMES G. BIDDLE 


ELECTRICAL & SCIENTIFIC INSTRUMENTS 
1316 ARCH STREET + PHILADELPHIA 7, PENNA. 
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JourNAL oF THE FRANKLIN INSTITUTE. 


BLOW-OFF VALVES 


Used in Over 12,000 Plants 


Seatiess Valve —Sliding plunger de- 
sign. No seat to score. wear or leak. 
Positive tightness. long life. Iron and 
steel, angle and straightway. 


Yendems — Numerous combinations 
of YARWAY Seatless and Hard-seat 
(cone dise and seat type) Valves to 
suit various operating conditions 
and arrangemcats of piping and for 

ressures to 2500 Ib Vorway 

nit-tandem has seatless and ha 
seat valves mounted together in a 
single forged steel body. 


Ask for Catalogs B-424 and B-432 ~~ dem for pres- 
soo tbe 


A COMPLETE PRINTING SERVICE 


Goop PRINTING does not just happen; it is 
the result of careful planning. The knowl- 
edge of our craftsmen, who for many years 
have been handling details of composition, 
printing and binding, is at your disposal. 
For over sixty years we have been printers 
of scientific and technical journals, books, 
. printers or . theses, dissertations and works in foreign 


JOURNAL OF THE 
reanxun institute languages. Consult us about your next job. 


LANCASTER PRESS, Inc. 


PRINTERS BINDERS ELECTROTYPERS 
ESTABLISHED 1877 _ LANCASTER, PA. 
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EGGLY-FURLOW 
ENGINEERS 


Consulting Engineers 


PHILADELPHIA a PA. 
1500 Walnut Street 


Telephone: PEnnypacker 5-1197 


Consulting Engineers 


ALBRIGHT & FRIEL, Inc. 
Consulting Engineers 


Water, Sewage and Industrial 
Waste Problems, Airfields, Refuse 
Incinerators, Power Plants, Indus- 
trial Buildings, City Planning. 
Reports, Valuations, Laboratory. 


121 S. Broad St., Philadelphia 7, Pa. 


HARRIS-DECHANT ASSOCIATES 
Fidelity-Philadelphia Trust Building 
Philadelphia, Pa. 


FREDERIC R. HARRIS, INC. 
27 William Street New York, N.Y. 


Consulting Engineers 
Naval Architects 


DAMON & FOSTER 


Consulting Engineers 
Surveyors 


CHESTER PIKE & HIGH ST. 
SHARON HILL, Pa. 


CHARLES S. LEOPOLD 


Consulting Engineer 


213 SOUTH BROAD ST. 
PHILA. 2, PA. 


MOODY & HUTCHISON 
Consulting Engineers 


1420 WALNUT STREET 
PHILADELPHIA 


GEORGE A. GIESEKE 


Consulting Engineer 
Surveys and Maps 
Water, Industrial Waste 
tment 
Highway Improvements 


1405 W. Erie Ave., Philadelphia 40, Pa. 
(915 Middlesex St., Gloucester City, N.J. 
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W. B. COLEMAN & CO. 
Metallurgists - Chemists - Engineers 


Consultation and Laboratories 
Metals—Water Treatment—Physical Testing—Fuels 
Spectrographic and Microscopical Equipment 


9TH STREET & RISING SUN AVENUE—PHILADELPHIA 


Tom Donovan Sez— 


YOU HAVE EVERYTHING 
=—> INSURED BUT YOUR HEAT TREATING 
WHY NOT? 


DONOVAN COMPANY 
Pick [Up and Delivery Service 


1615 No. 2nd St. 4 RE 9-4616 Phila. 22, Pa. 


HESS & BARKER 
ENGINEERING MACHINISTS 


212 S. DARIEN ST. 
PHILA., PA. 


STRUCTURAL PURPOSES, 
CASEENGS resistance 


A wide range of physical properties can be obtained in steel 
castings by means of Alloys and different heat treatments. 


DODGE STEEL COMPANY 
6501 TACONY STREET PHILADELPHIA, PA. 
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Your Electronic Requirements... 


can best be served by RESCO’S Industrial Dep’t. Trained and efficient 
personnel, plus parts and equipment from all of the finest manufacturers 


in: the country, offer you the service and dependability necessary to 
meet the exacting needs of the indus- 


trial plant or laboratory. 
SERVICE CO. OF PENNA., INC BRANCH STORES 
Main Store and Executive Offices 3412 Germantown Ave. © 6930 Market St. 
Camden e Allentown e Wilmington e Easton 


7th and Arch Streets, Phila. 6, Pa. 
LO 3-5840 Free Parking Atlantic City 


Manufacturers of Fine Drawing Instruments 
Since 1850 


THEO. ALTENEDER & SONS 
1217 Spring Garden Street 


Philadelphia 23, Pa. 


PRECISION RULINGS ON GLASS 
Scales Grids Reticles 
Halftone Screens 


MAX LEVY & CO. Wayne & St. 


M. BUTEN & SONS 
PAINTS anp GLASS 
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Commercial Stationery 
Loose Leaf —Blank Books 
Filing Equipment 
Office Supplies 


SHANAHAN & CO. 
22 S. 18 St. Ri 6-0333 
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WHERE QUALITY OF REPRODUCTION 
IS ESSENTIAL... 


BUT ECONOMY IS IMPORTANT... 


The answer is 


Photo Engraving Co. 


1208 Cherry Street 


Philadelphia, Pennsylvania 


OSCAR H. HIRT 


Photographic Supplies 


41 NORTH ELEVENTH ST. 
PHILADELPHIA 7, PA. 


Franklin Institute Books 
are bound by 


FEHR & JOHNSON 


GEO. P. JOHNSON, MGR. 


Fine Bookbinding 


1110-1116 Sansom Street 
Philadelphia 7, Pa. 


RITTENHOUSE 6-4563 RACE 1414 


BoLGER-PARKER 


CoMPANY 
Hauling and Rigging 
Contractors 
752 N. MARKO ST. 


RESIDENCE PHONES 
BOULEVARD 3295 39 


Illustrations in this book by 


ROYAL-JONES 
Photo Engraving 
Corporation 


N. E. Cor. 11th & Arch Streets 
(Sixth Floor) 


Philadelphia 7, Pa. 


HEADQUARTERS 
FOR 
RADIO PARTS ELECTRONIC COMPONENTS 
GEIGER-MULLER COUNTER TUBES 
AND 
RADIO ACTIVITY DETECTORS 


HERBACH & RADEMAN 
522 MARKET STREET PHILADELPHIA 6, PA. 


ERWIN H. ALDINGER, MFR. 


237 S. 8th Street, Philadelphia 6, Pa. 


SCIENTIFIC EQUIPMENT 


DESIGNER & BUILDER of the 
“DRIVERATER” 
and of the 
MECHANICAL EXHIBITS of the 
LEE RUBBER SHOW 


Now on Display at The Franklin Institute 
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MEMBERSHIP IN THE FRANKLIN INSTITUTE 


All persons interested in the purposes and activities of the Institute and willing to 
further them, may become members when elected by the Board of Managers or in a 
manner prescribed by the Board. The following classes of membership are provided 
for in the By-Laws: Student, Associate, Active, Sustaining, Honorary. 


Sustaining Members belong to the highest class of membership in the Institute 
and are entitled to all privileges of membership including Family Privileges. 
They are included among the Friends of Franklin, a group of public spirited 
citizens who contribute to the support of the Institute and in other ways call the 
attention of present-day Americans to the wisdom of Benjamin Franklin 


Sustaining Membership (annually) $50.00 or over 


Active Members have the full use of the Library with the privilege of borrowin - 
books. They are entitled to vote and to hold office. Subscription to the Jou 
of The Franklin Institute is included in their dues and they are sent each month a 
copy of The Institute News which contains a program of events and other items 
of interest. Their membership cards also entitle them to admission free of charge 
to the Museum, the Planetarium and the Museum demonstrations and lectures. 
Active Members who reside permanently at a distance of 50 miles or more from 
Philadelphia are permitted to pay annual dues of $7.50. 
Active Membership (annually) $15.00 
se va with Family Privileges (annually) $20.00 
Active Membership (Non-Resident) (annually) $7.50 


Associate Members receive a membership card entitling them to admission free of 
charge to the Museum, the Planetarium and the Museum demonstrations and 
lectures. They are sent each month a copy of The Institute News, which con- 
tains a program of events and other items of interest. They do not have the 
right to vote, but, with the Active Members, may attend Institute Meetings and 
Lectures and may be accompanied by a guest at these meetings. 


Associate Membership (annually) $5.00 
“ (annually) $10.00 


Family Privileges may be obtained by Associate or Active Members on payment 
of $5.00 annually in addition to their Ceaiaie dues. This entitles them to receive, 
for each individual in their family and resident with them, a card entitling the 
holder to unlimited free admission to the Museum and Planetarium. 


Student Members must be under twenty-five years of age. They are entitled to 
all the privileges of Associate Membership except Family Privileges. On pay- 
ment of an additional amount and on the sponsorship of a teacher or an Active 
_Member of the Institute they may be granted the use of the Library. 


Student Membership (annually) $2.00 
= (annually) $3.00 


Membership for Life may be obtained in the Associate and Active Classes on 
payment of $100 and $300 respectively. For those who reside permanently at a 
distance of fifty miles or more the fee for Active Membership for Life is $100. 


The annual fees for membership are due and payable on the first day of the month ot 
the date of election, or as determined by the Board of Managers. Any member whose 
dues are more than two months in arrears shall have all the privileges of membership 
suspended until such time as all arrears are paid. Should the dues not be paid when 
they become six months in arrears the said member shall forfeit his membership. 


Firms, Corporations, Associations or Individuals may nominate and subscribe for the 
membership dues of groups of members of any class or classes, at the annual dues 
provided for, subject to the approval of the Board as to any particular nominee. If 
the dues of these nominees amount to on or more in the aggregate, the firm, corpora- 
tion, association or individual shall be known as an Affiliate of the Institute. 


Resignations of memberships shall be made to the Board of Managers in writing, but 
need A be accepted until all dues and arrears up to the date of resignation have 


For further information and membership application blanks address the Secretary, 
The Franklin Institute, Benjamin Franklin Parkway at 20th Street, Philadelphia 3, Pa. 
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AWARDS BY THE INSTITUTE 


The Franklin Medal (1914—Gold Medal).—This medal is awarded annually from 
the Franklin Medal Fund, founded January 1, 1914, by Samuel Insull, Esq., to those 
workers in physical science or technology, without regard to country, whose efforts, 
in the opinion of the Institute, acting through its Committee on Science and the Arts, 
have done most to advance a knowledge of physical science or its applications. 

The Elliott Cresson Medal (1848—Gold Medal).—This medal is awarded for dis- 
covery or original research, adding to the sum of human knowledge, irrespective of 
commercial value; leading and practical utilizations of discovery; and invention, meth- 
ods or products embodying substantial elements of leadership in their respective 
classes, or unusual skill or perfection in workmanship. 

The Howard N. Potts Medal (1906—Gold Medal).—This medal is awarded for dis- 
tinguished work in science or the arts; important development of previous basic dis- 
coveries; inventions or products of superior excellence or utilizing important principles. 

The John Price Wetherill Medal (1925—Silver Medal).—This medal is awarded 
for discovery or invention in the physical sciences or for new and important combina- 
tions of principles or methods already known. 

The Edward Longstreth Medal (1890—Silver Medal).—This medal is awarded for 
inventions of high order and for particularly meritorious improvements and develop- . 
ments in machines and mechanical processes. In the event of an accumulation of the 
fund for medals beyond the sum of one hundred dollars, it is competent for the Com- 
mittee on Science and the Arts to offer from such surplus a money premium for some 
special work on any mechanical or scientific subject that is considered of sufficient 


importance. 


The Louis E. Levy Medal (1923—Gold Medal).—This medal is awarded to the 
author of a paper of especial merit, published in the JournaL or THE FRANKLIN 
InstitUTE, preference being given to one describing the author’s experimental and 
theoretical researches in a subject of fundamental importance. 

The George R. Henderson Medal (1924—Gold Medal).—This medal is awarded 
for meritorious inventions or discoveries in the field of Railway Engineering. 

The Walton Clark Medal (1926—Gold Medal).—This medal is awarded to the 
“author of the most notable advance in knowledge or improvement in apparatus, or in 
method concerning the science or the art of gas manufacture or distribution or utiliza- 
tion in the production of illumination, or of heat, or of power.” 

The Frank P. Brown Medal (1938—Silver Medal).—This medal is awarded to 
inventors for discoveries and inventions sabes! meritorious improvements in the 
building and allied industries. 

The Newcomen Medal (1943—Gold Medal) .—This medal is awarded, not oftener 
than once in three years, for achievement in the field of Steam. 

The Francis J. Clamer Medal (1943—Silver Medal).—This medal is awarded at 
least once in five years for meritorious achievement in the field of Metallurgy. 

The Stuart Ballantine Medal (1946—Gold Medal).—This medal is to be awarded in 
recognition of outstanding achievement in the fields of Communication and Recon- 
naissance which employ electromagnetic radiation. 


The William M. Vermilye Medal (1937—Bronze Medal)—This medal is awarded 
not oftener than biennially in recognition of outstanding contribution in the field of 
Industrial Management. 

The Certificate of Merit (1882).—A Certificate of Merit is awarded to persons 
adjudged worthy thereof for meritorious inventions, discoveries or improvements in 
physical processes or devices. 

The Boyden Premium.—Uriah A. Boyden, Esq., of Boston, Mass., has deposited 
with The Franklin Institute the sum of one thousand dollars, to be awarded as premium 
to “any resident of North America who shall determine by experiment whether all rays 
of light and other physical rays are or are not transmitted with the same velocity.” 

Por further information relating to these awards apply to The Executive Director. 
(Revised to April, 1948.) 
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executives faced a dilemma. The 
public demanded more telephone 
service; But too often, overloaded 
telephone poles just couldn't carry 
the’ extra. wires needed, and in 
cities there was no room for extra 
poles, Could wires be packed away 
in cables underground? 

Yes, but in those days wires in 
cables were only fair conductors of 
Gradually cables 


call could travel underground; by 
the early 1900's even cities far 
apart could be linked by cable. 


Then Bell scientists went on to 
devise ways to get more service 
out of the wires. They evolved 
carrier systems which transmit 3, 
12, Or even 15 voices over a pair 
of long distanc: wires. A coaxial 
cable can carry 1800 conversations 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON. 
IMPROVEMENTS AND ECONOMIES IN SERVICE 


Back in the eighties, teleph 4 

one 

¢ 

SLX TCieViSIOn picture: 

another product of the centralized 

: 


It is a policy which has changed the 
course of entire industries. It put the 
steel body on automobiles; steel 
wheels, too. It about-faced the rail- 
way car construction industry and 
ended the era of heavy car building: 
Alwaysithas achieved greaterstrength 
and safety with lighter weight. It has 
made Budd a name of first impor+ 
‘tance in the field of transportation. 
The Budd Company, Phila., Detroit. . 


| New Luxury for the Norfolk and Western 
Norfolkand Western'sfinetrain,“The closed toilet facilities. Another wel- 
re-equipped with new, ajj-ttainless These Norfolk and Western cars 
steel sleeping cars built by The Budd again demonstrate the Budd philoe 
Company. In addition, other Norfolk ophy of creating finer products 
and Western trains will draw on a through the use of superior matermals 
fleet of new Budd sleepers to provide and imaginative, challenging design. | ‘ 
; service over its entire system. 
design created by 
¢tandard in all new sleeping car con- 
gonal privacy, In the roomettes you 
- gan lower or raise your berth with the 
and bedrooms en suite provide en- 


